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sewages and with the same sewage, at different times, under conditions 
not thoroughly understood. It was claimed at first that all the solids 
settled out would be liquefied in the septic tank, but this is not true ; 
^ portion only disappears, and most tanks must be opened once or 
twice a year for the removal of sludge. 

The Contact Bed. — Meanwhile progress was being made along a 
different line. The chemist of the London County Council, Mr. W. J. 
Dibdin, undertook in the early nineties to devise some more rapid 
method of sewage disposal than that worked out at Lawrence. He 
first tried experiments in Barking, at one of the outfalls of the London 
system, in which he passed sewage through coke and stone in iron cylin- 
ders. Finding the process fairly satisfactory, he laid out a one acre 
bed filled with coke, made tight — so that he could fill it with sewage, 
allow it to stand for a certain period, and then empty it. This he called 
the contact system, because the sewage is held in contact with the coke 
by the closing of the outlet. In further experiments at Sutton in 
Surrey, Dibdin developed the double contact system, carrying the sew- 
age treated in one contact bed to another contact bed and treating it 
again. By each contact about half the impurities in the applied liquid 
are removed. It has been found that in the construction of contact 
beds almost any hard, smooth material may be used, the bed being 
simply a tight box for holding it. Coal and coke are particularly favor- 
able, though stone or almost any other hard substance may be used. 
The size of the pieces of material, whatever it may be, varies from 
\ of an inch to i J inches. The beds are commonly made from 3 to 
6 feet deep, or thereabouts, but the depth does not seem to be of great 
importance. The sewage is run slowly into the bed, allowed to stand 
for a certain time, generally two hours, and then discharged, three or 
four fillings being made in the twenty-four hours. 

The effluent from a double contact system is of good quality, so that 
it will not decay and can be discharged into a river with safety. The 
worst difficulty with the method is that there is considerable stoppage 
or clogging of the beds, due to settling, due to breaking down of the 
material, due to the growth of organisms in the bed, and partly to 
the deposition of solid mineral matter in its interior. Stoppage due 
to breaking down may, of course, be controlled somewhat by using 
hard material. Stoppage due to the growth of organisms can be 
?Jjecked to a considerable extent by a proper resting of the beds. It 
parently does not tend to go beyond a ceitaitv pomt, T\ve loss of 
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HYGIENE AND SANITATION, 5 

be interested in research rather than education he will meet not only 
with hygienic institutes, but also sewage experiment stations, food 
and drug laboratories, and laboratories of sanitary research; labora- 
tories of sanitary chemistry, water analysis, food analysis, etc. These 
various differentiations are largely the outcome of the marvelous addi- 
tions to our knowledge, and especially to our knowledge of the environ- 
ment, within the last half century. Almost every discovery in science, 
almost every advance in engineering, has contributed some fact or con- 
dition of practical interest or importance to general hygiene. The 
pressure of population, the migration from country to city, labor-sav- 
ing machinery, the growth of traveling, the enrichment of our dietaries, 
the factory system, high buildings, cold storage, and a thousand other 
modifications of our ways of living, — ^all these have opened up problems 
of hygiene previously either non-existent or unknown. To-day we are 
also beginning to appreciate the importance and power of the proto- 
plasmic human mechanism, which has to struggle for existence and 
success under these various conditions, and to look to the physiologists 
for a more intimate knowledge of its normal operation. 

Meantime, in America at least, research in hygiene is comparatively 
sporadic if not desultory, and educational opportunities are few and 
unsatisfactory. Hygiene is allowed only a modicum of time in our 
medical schools and little or no place in schools of engineering. And 
yet its importance to modern society is unquestioned. Never before has 
a higher value been set upon the working efficiency of the human ma- 
chine. Never before have preventive medicine, hygiene or sanitation 
occupied so high a place in the public esteem. Why is it, then, we may 
well ask, that medical schools pay so little attention to a subject so im- 
portant and at the same time so closely connected historically and 
practically with medical science? The answer to this question will, I 
believe, establish the truth of my thesis that readjustment is required, 
and will also reveal some of the steps required to bring about such 
readjustment. 

In spite of its admitted importance, hygiene occupies only a very 
small place in our medical schools, partly, I believe, because sanitation 
has become so large a part of hygiene, and sanitation belongs in schools 
of engineering; and partly because for medical men there are, in our 
country, very few attractive positions in the applications of hygiene. 
Let us consider the first point more carefully. It is to-day absurd for 
the average well trained medical student to think of becoming an expert 
in such branches of hygiene as water supply, sewerage, heating and 
ventilation, street building, cleaning and watering, garbage collection 
and disposal, gas and other forms of light supply, ice supply, milk 
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infpftff the abatement of nuisances, etc. These hdcmg ratiKr to die 
Mfijcaty engineer, sanitary chemist and sanitary biologist; to sanita- 
lif» raahtr thzn hygiene. 

n/>teT to the physician's own work, and yet almost a science in 
Hmm^Wtn, ztt the problems of personal hygiene, muscular exercise, 
idieep, IotmU and feeding, bathing, clothing, mental work, and the like. 
Half way between personal and public hygiene, lie such subjects as 
§d$f^A hygiene and school sanitation, epidemiology, quarantine, the con- 
fuA fd foods and drugs. If the modem medical student can find time 
if/r a tboroiagh acquaintance with bacteriology and serum science he 
h jyfofcaMy doing all that we ought to expect of a well trained beginner 
m medkint or surgery. The difficulty here described suggests its own 
Wfwedy, Why not begin in our readjustment by making a sharp dis- 
tkitxion between the hygiene of the individual and that of the environ- 
fnent, keeping for the former the older, broader and historic term 
Ayjt^Vn/, and giving to the latter the term already almost imiversally^ 
apfrlied to it ("unless in Germany), namely sanitation. Next, why not 
ir^nUly give up the pretense of teaching in medical schools of more 
than the most jjeneral and elementary principles of water supply, sew- 
erage, heating and ventilation, street construction, street cleaning, street 
watering, plumbing, gas supply, ice supply, milk supply, and the purity 
of foods and drugs, leaving these to sanitarians — engineers, chemists, 
and biologists. Freed from these subjects, courses in hygiene might be 
given in medical schools which should be practically valuable to med- 
ical men, dealing as these should chiefly with its personal aspects, and 
yet involving many of the mf)St important matters relating to the pub- 
He heahh. Such courses would be essentially medical, or at least 
physiological, and are to-day greatly needed. I think I am within the 
truth in saying that in some engineering schools sanitation is to-day 
better taught than personal hygiene is in any medical school ; and this 
surely ought not to be, and need not be, true. 

As for research, it is idle to expect the ordinary medical man to be 
greatly interested in or to spend much time upon the detailed problems 
of water or sewage purification, even if he has — as he generally has 
not — the requisite training. We must expect this work to be done by 
engineers, chemists, and biologists, and not by physicians. And its 
teaching belongs in schools of science and engineering rather than in 
medical schools. 

At the same time another and fundamental readjustment is sorely 
needed, which, if it could be effected, would do more to promote good 
teaching and research in hygiene and sanitation than any other one 
thing. This is the establishment of permanent, well-paid positions in 
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the service of the public health. I am not sanguine that this readjust- 
ment — the most fundamental of all, and one which, if it could be made, 
would speedily bring about the others — is either easy or imminent, and 
yet I believe that we should never cease for an instant to proclaim 
its necessity or to work for it. Somehow or other, we must in America 
secure a large group of well-paid public health officers who shall have 
powers of more than local jurisdiction or at least more than local visita- 
tion, criticism and advice ; who shall be supplied with laboratories and 
other means of experiment and investigation ; and who shall be able and 
willing to call to their aid and co-operation, sanitary engineers, sani- 
tary chemists and sanitary biologists. These public health officers will 
naturally be medical men, but they will not be ordinary medical men. 
They must be specially trained for the work ; they must know more of 
infectious than of chronic diseases ; more of medicine than of surgery ; 
they must be thoroughly equipped in epidemiology and must have a 
general but sound elementary knowledge of sanitation; they should 
know and use statistics ; and above all they should possess tact, courage 
and firmness. When the places for such men are provided the men 
will soon be found. A medical school will then gladly give courses^ 
not only in hygiene but in public health, such as will prepare good can- 
didates. I believe it to be our first duty to work for the establishment 
of such public health positions, and all that is needed to secure them 
is a general readiness to surrender some local pride and some local im- 
portance, for the sake of national progress, mutual benefit, and the 
advancement of science. 

Meantime we must look to our universities and technical schools for 
the maintenance of the very best hygienic laboratories and sanitary 
experiment stations which they can afford, and to our states and 
cities for the best that money can buy. Even these are not enough. 
Brief but comprehensive courses in the theory and practice of hygiene, 
and especially personal hygiene, should be offered in all medical schools, 
and in the theory and practice, of sanitation, in our technical and 
scientific schools. In this way the road would be open to all — phy- 
sicians, scientists and engineers — to become grounded in the general 
principles of hygiene, while for those whose tastes and abilities led 
them to go further, the research laboratories already mentioned, and the 
positions referred to, would offer an incentive and hold out inviting and 
honorable careers. It is hard to think of any consummation at present 
more devoutly to be wished for in the United States or more certain to 
redound to the promotion of the public health and the public welfare. 

Politics must also be wholly eliminated from our boards of health, 
both state and municipal. There is no republican method of vaccination. 
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no democratic plan of street cleaning. And places on boards of health 
must not be used as rewards of political activity. The time, if it ever 
existed, has gone by when a proper board of health can be made up of 
a political doctor, a political saloon-keeper and a political nobody; 
for no well-trained and self-respecting expert in hygiene or sanitation 
can or will long remain in the dubious and uncertain service of such 
weak, incompetent or shifty characters. 
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The disposal of waste is a fundamental problem for all living 
organisms. As the body takes in food and builds it up into its own 
wonderful structure, so it must continually break down and give off 
waste products, which, as a rule, if they accumulate prove poisonous 
to the organism itself. And as this is the case with the individual, so 
. is it still more the case when large numbers of organisms are closely 
congregated together in communities. Nevertheless the attempt at 
scientific waste disposal is a comparatively itecent one. It really dates 
from the epoch-making report of the Health of Towns Commission of 
Great Britain in 1844, which revealed such astonishing conditions with 
regard to the decomposing organic matter, and the filth of all kinds 
which had accumulated in British cities, that it aroused British sanita- 
rians to a strong movement for the amelioration of these conditions, 
and led to the development of the filth theory of disease — the theory 
that disease is bred in heaps of decomposing filth. This theory we now 
know to be wrong in its essential assumption that vcvI^slXxs^ x^-^wc^Ns. 
created ^ novo by decaying organic maVV^i \ ^^V SX "^'Sl^ tv^?^^ >s^ \2vn^>^^^ 
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tank effluents appear to be slightly better. It must be remembered, how- 
ever, that the open tanks were operated during the last fifteen months 
only, when the sewage was weaker. Taking this factor into account 
the work of the open and closed tanks is practically equal. 

With regard to period the figures are no more conclusive. Com- 
paring tanks 7 and 9 (open), there appears to be no important differ- 
ence between the effect of 12 and of 24-hours' storage. Similarly, 
tanks 5, 8 and 10 (closed) produce almost the same results, although 
operating with periods varying from 12 to 48 hours. The length of the 
storage period seems therefore not to be a matter of great importance. 
Tank 6, with ij" crushed stone, produced a somewhat greater reduc- 
tion in suspended albuminoid ammonia than did the other tanks; but 
the difference is too slight to be of great practical importance. 

When this series of experiments was closed in June, 1905, the inlet 
and outlet of each tank were closed and the contents, including scum 
and sludge, thoroughly stirred. Samples of the suspension thus pro- 
duced were then analyzed in order to gain an idea of the material 
which had accumulated during the whole period of operation. From 
the results we have calculated, in Table III, the actual amounts of cer- 
tain constituents which were {a) allowed to enter the tanks, (6) dis- 
charged in the effluents, (c) stored in the tanks as sludge and scum, 
and (rf) removed by septic decomposition. About 50 pounds of nitro- 
gen as albuminoid ammonia per million gallons of sewage entered the 
tanks ; 30 pounds, roughly, were discharged and 20 pounds remained 
behind, of which from 15 to 17 pounds were decomposed. The last 
columns in the table show the total volatile solids and fats stored in 
the various tanks calculated in relation to the sewage treated. These 
figures bring out very sharply the superior decomposing power of the 
tanks operated at short periods. Tank 7 (12 hours) and tank 5 (12 
hours for the last eighteen months) show the lowest values. Tanks 
9 and 10 (24-hour period) come next, with 90 and loi pounds respect- 
ively. Tank 8. with its 48-hour period, stored 206 pounds of organic 
matter per million gallons of sewage treated. The large proportion of 
fats indicated in the last column is notable, amounting as it does to one- 
fourth or one-eighth of the total stored organic matter. 

Altogether we may conclude from our experiments that the septic 
tank will effect a considerable removal of solids from Boston sewage, 
amounting to some two-fifths of the nitrogen as measured by albu- 
minoid ammonia. Its effluent is free from gross turbidity, but dark 
and offensive from the liberation of hydrogen sulphide. Of the 
organic matter retained in the tank a very large proportion, amounting 
to well over three-fourths if measured by the albuminoid nitrogen, is 
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decm^xigec) and the accumulation of stored material in the tank is 
slight after two years of operation. Apparently such tanks mig^ 
(qierate for several years without being cleaned. The covering of 
tanks is immaterial since closed and open tanks work equally well. 
Storage periods, varying from 12 to 48 hours, give similar effluents, 
but there is an increasing tendency to accumulate sludge as the period 
is lenghtened. This, may probably be due to the accumulation of 
harmful bacterial products which check the liquefying organisms. The 
filling of a septic tank with stone is of only slight advantage. 



TABLE III. 
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THE INTERMITTENT SAND FILTER. 

The sand filters studied were cypress tanks, 6' x 4' x 3' deep. Over 
6" of underdrain material, graded from 3" stones down, was a layer of 
drift sand of an effective size of .14 mm. and a uniformity coefficient of 
3.5. The sand in tank 2 was one foot deep and in tanks i, 24 and 25, 
two feet deep. Tanks i and 2 were dosed with crude sewage, tank 24 
with i2-hour septic effluent, and tank 25 with 24-hour septic effluent. 
The rate on tanks 1 and 2 was at first . i million gallons per acre per 
day, but on tank t it was gradually worked up to .4 million gallons 
per acre per day, the daily dose being divided into four portions, 
applied at six hours' intervals. 

These experiments gave quite conclusive results as to the minimum 
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depth for a sand filter. Tank 2, with its one foot of depth, proved a 
complete failure. Its effluent was dark and turbid, and offensive in 
odor. Not one of the samples tested passed the incubator test. The 
analytical results showed marked variations from time to time, but the 
free ammonia present was generally from 15 to 20 parts per million, 
nearly as high as the crude sewage. The albuminoid ammonia was 
usually between 2 and 3 parts, and the oxygen consumed in the neigh- 
borhood of 20 parts, in each case about half the sewage value. 
Nitrates were always low. 

The operation of the other beds, on the contrary, was eminently satis- 
factory. All three effluents were clear and bright, entirely free from 
turbidity and odor and stable by the incubator test. The average 
analyses in Table IV show that the effluent from the treatment of crude 
sewage was slightly better than that produced by the treatment of 
septic effluent. The increase in rate on tank i from .1 to .2 and 
again frcrni .2 to .4 did not appreciably alter the quality of its effluent. 
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The surface of the filters, even at such high rates, did not require 
undue care. Tank i was scraped in August, 1903, and November, 
1904, and raked once and scraped once in March, 1905. The total 
material removed in three scrapings during two years of operation, 
amounted to a layer .48 inches in thickness or 1,600 cubic inches. 
The filters taking septic effluents showed still more favorable results 
During their fifteen months of operation tank 24 was raked over twice 
and scraped once, while tank 25 was raked over once and never 
scraped. 
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mission has recommended that no crops for human consumption be 
grown on fields used for the disposal of sewage. That is an extremely 
conservative position ; but certainly, I think, crops should be limited to 
those food substances which are to be cooked before eating. The 
economy of the system of sewage farming is still more doubtful. It 
is never good policy to recover something valuable which costs 'more 
to recover than it is worth after recovery. That appears frequently to 
have occurred in the experience of those who have tried sewage farm- 
ing, since in many instances the expenses of conducting the farms are 
really not paid by the crops grown on them. This does not hold good 
in arid regions where sewage is valuable, not only for its manurial ele- 
ments, but for the water it contains ; in the far West we find that the 
sewage farm has a most important place. The city of Pasadena, for 
example, has operated a sewage farm for twelve years. Alfalfa and 
crops of that character were grown at first with poor success, because, 
the crop being so near the ground, it was impossible to cultivate it 
properly and keep the surface open. The city is now growing mainly 
walnuts, with considerable profit. In 1903 the receipts from the farm 
were about eleven thousand dollars and the expenses about six thou- 
sand dollars, and out of the profits the original cost of buying the land 
is being paid off at a rapid rate. In a country of that sort the process is 
quite profitable, and no doubt sewage farming will have a large future 
in the arid regions of the West. In the East, however, where there 
is plenty of water, the value of the process is extremely doubtful, if for 
no other reason than because of the difficulty of securing economical 
administration under American municipal conditions. 

Disposal by Intermittent Filtration. — The process of sewage purifi- 
cation on land soon underwent a development along more intensive 
lines. As early as 1865 the German engineer, Mueller, urged the 
disposal of sewage through land at a more rapid rate than is possible 
on the ordinary sewage farm. He understood the nature of the proc- 
ess, and knew that it was carried out by organic life; and in 1878 he 
patented d system "for the disinfection, purification, and utilization of 
sewage by the scientific cultivation of yeast-like organisms." His work, 
however, made no lasting impression. In 1870 the subject was ap- 
proached along a different line by the English experts of the Rivers 
Pollution Commission under the leadership of Frankland. These exijerv 
menters failed to grasp the biological chataeV-eT oi >i\\^ ^\o^^'$»'$»^\5iV3Js. x^^"^ 
understood its chemistry and showed lYvat s^evja^^ co\i\^ \i^ "sisx^^^^^^^^ 
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taking crude sewage all decreased in capacity quite steadily, reaching 
a final value, after two years, of 26-33 per cent. The Dibdin brick 
filter still showed 40 per cent, open space after one year of operation. 
The first contact bed receiving septic effluent, and both second con- 
tact beds, maintained capacities of over 35 per cent. The loss of 
capacity was made good to some extent by resting. 

The average analyses of the effluents from the various beds are 
brought together in Table V. 
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With regard to kind of material, a comparison of tank 11 (2" coke) 
with tank 12 (ij4" stone) shows that the effluent of the former was 
slightly better than the latter, in spite of the larger size of the material 
and the higher rate. 

On the more important question of the size of material, a compari- 
son of tank 12 (ij4" stone), tank 13 (J4" stone) and tank 14 (i" 
stone) is instructive. The effluents from the i" and ij/^" stone were 
never of satisfactory quality except, in the latter case, at the very end 
of the experiment, while that from the J4" stone was generally clear 
and non-putrescible. The result in this case was only reached, how- 
ever, at the expense of a serious clogging which necessitated the 
removal of four inches of sludge from the surface during two years 
of operation, leaving the body of the filter for some way below the 
surface still badly clogged. These results correspond with those 
obtained by Dunbar and other German investigators. They show that 
with beds of fine material a good effluent may be obtained by a single 
contact, but at the cost of such clogging as to necessitate somewhat 
frequent removal of the upper portion of the bed. 

Data bearing on the eflFect of contact beds of diflFerent depths may 
be obtained by comparison of tanks 12 and 20. Both were filled with 
ij-inch stone and dosed with three fillings a day of crude sewage. 
The depth was six feet for tank 12 and four feet for tank 20. It is 
apparent that the results of treatment in the four-foot bed are con- 
sistently better than in the six-foot bed. In particular it will be 
noticed that the nitrification is more complete in the shallow filter ; but 
the difference is scarcely great enough to compensate for the dimin- 
ished rate. 

A comparison of the double contact systems, 17 and 19, and 18 and 
20, furnishes interesting results with respect to the value of prelim- 
inary treatment. The primary beds were both 4 tanks filled with 
lyi" stone. It will be noticed that the effluent of tank 20, which took 
crude sewage, was markedly superior to that of tank 19, dosed with 
septic effluent, except, for part of the time, in its albuminoid ammonia 
content. The effluent from tank 20 was often non-putrescible while 
that from tank 19 was always foul and offensive. As pointed out 
above, the septic treatment was efficient in preventing clogging, the 
final capacities of tanks 19 and 20 being 34.6 per cent, and 26.5 per 
cent., respectively. This advantage is, however, dearly bought, since 
the septic effluents from Boston sewage evidently contain substances 
mimical to bacterial action which seriously interfere with subsequent 
purification. Even the secondary filter effluents showed the same 
deleterious effects. In nitrogenous constituents and in available oxy- 
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gen^ the effluent of tank 18 was better than that of tank 17. The for- 
mer was clean and stable, the latter generally dark adored and smelling 
of hydrogen sul{^de. 

In general it appears that a single contact treatment will remove 
from one-third to one-half of the organic constituents of sewage with 
the production of an improved but still putrescible effluent. Beds of 
^^ stone form an exception to this rule, since after a time they may 
yield a stable effluent, but at the cost of very serious sur^ce clogging. 

Secondary contact treatment eflFects a removal of (wie-third to one- 
half of the remaining organic matter, producing a satisfactory effluent 
in the case of the treatment of crude sewage. Preliminary septic 
treatment for thirty hours, although it maintains the capacity of the 
beds, exerts a detrimental effect in the treatment of Boston sewage, 
producing an effluent hard to purify even by the double contact sys- 
tem. The possibilities of septic treatment before contact filtration can 
not be considered as exhausted, since we have * only tried rather old 
septic sewage (30 hours), without any special method of aeration. 

CONCLUSIONS. 

It will be necessary in any treatment of Boston sewage to screen out 
large floating bodies and to settle out mineral detritus. In our judg- 
ment, this process should be limited to a sedimentation of a few min- 
utes. Under such conditions the settled material amounts to some 
1,600 pounds per million gallons of sewage, and is of such a character 
that it may be spread out on land without fear of nuisance. 

A further removal of the suspended organic matter may be effected 
if desired by treatment in the septic tank. An open tank operates just 
as well as a closed one, and there is no marked advantage in filling the 
tank with stone. Varying the storage period from 12 to 48 hours pro- 
duces no difference in the effluents which is measurable by analytical 
results. All our tanks removed nearly two-thirds of the suspended 
albuminoid nitrogen and produced an effluent fairly free from sus- 
pended matter, but much darkened by hydrogen sulphide. The tanks 
on an average received 50 pounds of nitrogen as albuminoid ammonia 
(dissolved and suspended) of which 30 pounds were discharged in the 
effluent, 15-17 pounds were decomposed anu 3-5 pounds were stored 
as sludge. In the decomposition of sludge, the length of the septic 
period is of great importance. The amount of organic solids stored, 
undecomposed, per million gallons of sewage passed, is twice as great 
with a 48-hour period as with a 24-hour period and four times as 
great as with a 12-hour period. 
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Under the conditions of our experiments, crude Boston sewage has 
been successfully filtered through a two-foot bed of sand, with an 
effective size of .14 mm., at a rate of .4 million gallons per acre per 
day, divided into four doses in the twenty-four hours. We should not 
expect such high rates in actual practice, but we do believe that with 
care in construction and operation the sand filter may be efficient at 
higher rates than has been generally recognized. The effluents 
obtained from our sand beds were clear and bright and well purified. 
The depth of the beds can not safely be reduced below 2 feet. Pre- 
liminary septic treatment for 12 or 24 hours does not improve the 
effluents obtained with sand filtration, although it makes the care of 
the surface of the beds somewhat easier. 

Crude Boston sewage may be treated in single contact beds of fine 
stone (one-half inch diameter) at a rate of about 1.2 million gallons 
per acre per day. The effluent is only partially purified, although gen- 
erally so stable as to be discharged into water without any tendency 
to create a nuisance. The beds clog rapidly and the surface needs 
much attention. The double contact system of treatment in primary 
beds of 2" material and secondary beds of Y material would yield a 
fairly well purified and stable effluent at a rate on the combined double 
system of about .7 million gallons per acre per day with beds 6^ 
deep. Such a system clogs somewhat, and would require resting and 
renewal at frequent intervals. Preliminary septic treatment for thirty 
hours enables the beds to maintain a higher capacity but produces an 
effluent which, without special aeriation, is so difficult to purify that 
their efficiency is seriously interfered with. The most practical method 
of those which we have studied would appear to be the treatment of 
sewage, either sedimented or subjected to a very short period of septic 
action in double contact beds. The process of trickling filtration 
remains to be considered in a further report. 
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It is often the case that analytical data express to the mind of the 
analyst the direct information desired, but at times there are cases in 
which such figures convey no useful information until they are examined 
in the light of past experience. For example, in an assay of a gold ore 
the results require no explanation, but the results of a steel analysis 
convey to the lay mind only the idea that there were present in the 
steel certain very small amounts of sulphur, carbon, phosphorus, etc. 
To the expert, however, these figures of the steel analysis stand clearly 
and definitely for certain marked properties in the steel. 

This expression of analytical data in terms of physical or other 
properties of the substances analyzed is called an interpretation of an 
analysis. 

In the case of sewage there are, unfortunately, no well-marked 
physical characteristics such as are found in steel with which our 
anal3rtical data may be compared. The interpretation of a sewage 
analysis is largely a 'matter of experience on the part of the analyst, 
or of reference to other analyses for the sake of comparison, rather 
than any concrete reference to definite properties. Nevertheless when 
sewages are spoken of as "strong domestic,** or ** typical city,'* it is 
doubtful if any analyst could, from these descriptions, satisfactorily 
reconstruct the essential features of the original analyses. 

In view of the fact that important steps are being taken just now 
toward standardizing and unifying our methods of analysis, it has 
seemed to the writer that a brief discussion of owt -^x^'sj^x^ ^j^rt^^sr.^'^ 
fit Ihe chemistry of sewage, so far as it leVaX^s \.o >^'^ \qvx*C\s\^ •axv^'<>K-'^ 
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procedure, might not be out of place. To attempt to place the inter- 
pretation of a sewage analysis upon the same plane as that of a steel 
analysis would, of course, be out of the question. It would seenx, 
however, that we have already at hand sufficient analytical data to 
warrant us in an attempt at correlating this material with the more 
important variable characteristics of the sewage. It will be necessary 
first to define these characteristics, keeping in mind the fact that they 
must be, first, variable and correlated with the analytical data, and, 
second, of sufficient importance in the ultimate problem of sewage 
treatment to warrant their study. 

These characteristics in a sewage are three in number : the physical 
property of concentration; the chemical property of composition; and 
the biological property, which I will call condition. 

First in importance is the concentration of the sewage, or, more 
accurately, of the dissolved and suspended matters in the sewage. By 
th's factor one does not mean merely the concentration as determined 
by the total solids. For a thorough understanding of the processes of 
sewage purification the concentration of the organic nitrogen, organic 
carbon, fats and fatty bodies, and, to a lesser degree, of the various 
mineral constituents should be known. 

Hardly second in importance is the chemical characteristic or com- 
position of the sewage. Here I would eliminate the idea of mere con- 
centration and confine the thought to the actual composition of the 
solid material. A thorough study of the composition of a sewage 
would necessarily include complete determinations of the various or- 
ganic and inorganic substances present. While such analyses would 
doubtless be of considerable Value in enabling us to understand the 
reactions involved in purification, yet it is doubtful if our 'mcreased 
knowledge would be at all commensurate with the time and labor in- 
volved. By a suitable comparison of the concentration values previously 
mentioned, however, it may be possible to distinguish between certain 
types of sewage, such as purely domestic sewage, street washings, and 
factory and other industrial wastes, and, in the case of a sewage of 
a mixed and variable type, to describe somewhat roughly its actual 
composition. Obviously this is a matter requiring careful study in 
attempting any new purification work. 

As a first type for such comparison we may study a number of 

r>vrely domestic sewages. Such sewages will diflFer widely in the mat- 

' 0/ concentration, but in the illative amo\]iito ot mXxogpa.^ cax\y^s!Ck^ 
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and chlorine they might all be expected to agree within fairly close 
limits. Variation in these relative numbers would then in any given 
case denote a variation from the domestic type. 

Let us take as an example an actual case. The ratio between the 
total nitrogen and the chlorine ih domestic sewages, as will be shown 
later, is approximately unity. But at certain times this ratio, in the 
case of the Boston sewage, may reach as low a figure as one to one 
hundred, from the backing up of sea water through leaking tide gates. 
Now if it may be assumed that the normal chlorine value of the 
sewage in Boston is also equal to the nitrogen, then with the known 
composition of sea water a simple calculation will show the amount 
of sea water in the Boston sewage. It is not intended that in ordi- 
nary cases the analyst shall attempt in this way to calculate the 
actual amount of street washings, or other material which has entered 
the sewage in question, but it is believed that by the use of these 
composition factors sewages may be classified and compared with each 
other as to the probable effect upon them of purification treatment. 

The third important characteristic of a sewage I have called its 
condition. By the condition of a sewage I would* denote what we 
variously call its age, freshness, or septicity. But condition as here 
used is a much more definite property than this, and cannot be ex- 
pressed as a function of the time alone. Condition is a product of at 
least three prime factors and of many other minor ones. The three 
most important are age, temperature, and the number and character of 
organisms present. Among the other factors may be mentioned the 
degree of physical disintegration, opportunity for aeration, the pres- 
ence of germicidal substances, and doubtless many unknown conditions. 
It will thus become .apparent that the mere statement of the age of 
a sewage, as of a septic sewage, for example, will throw very little light 
upon its true condition. In attempting to establish condition factors 
we shall deal not alone with the unvarying constituents, such as the 
total nitrogen and the total carbon, but with the various forms in which 
the nitrogen, for example, may occur, and their transformations from 
one to the other through the activities of the microorganisms or by 
spontaneous chemical action. 

Having now defined the three characteristic properties of a sewage 
in terms of which we shall attempt to interpret our analytical data, let 
us examine in some detail our ordinary axvaJojXAC'A ^\oc^^>xt'^ -asv^ '^'^^^ 
what signiGcance the results have in. texrci?. oi \\\fc^^ ^xor^^'^v^^^ 
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Nitrogen 

Nitrogen is determined in four forms, namely, as organic nitrogen, 
ammoniacal nitrogen, and the nitrogen of nitrous and nitric acids 

■ 

The two latter forms, containing oxygen, are chiefly significant for that 
reason, and will be discussed under the head of oxygen. 

The Organic Nitrogen, — This constituent as determined by the 
Kjeldahl process is the most valuable of the concentration factors. 
Nitrogenous organic matter is, par excellence, the substance in sewage 
requiring purification. Its accurate determination is therefore of first 
importance in a sewage analysis. In addition to its use as a concen- 
tration factor the organic nitrogen figure may be usefully combined 
with other figures to express ratios showing condition and composition. 

The Albuminoid Afnmonia, — On the question of the value of the 
albuminoid ammonia figure as an additional aid in fixing the condition 
of a sewage little need be said. Clark (1904) has published what is 
perhaps the most thorough study yet made of this question. By aver- 
aging a large number of results from similar samples, and from these 
averages calculating the ratios of the albuminoid ammonia to the or- 
ganic nitrogen, he obtained somewhat different ratios for the different 
conditions of the sewage. The individual deviations from these average 
ratios in any one group are, however, so great as to entirely mask any 
significance which these ratios may have. The fact that distinctive 
ratios can be brought out by averaging would seem to indicate that 
such figures, if accurately determined, might have considerable value, 
but that the inaccuracies inherent in the Wanklyn process are sufficient 
to make the individual determination of little value. Obviously the 
albuminoid ammonia has no value as a concentration factor. 

Free Ammonia, — The nitrogen occurring in the form of ammonium 
hydrate or of ammonium salts is called "nitrogen as free ammonia.'* 
The determination, as usually carried out by distillation from alkaline 
solution, gives results on sewage which are considerably in excess of the 
true value as thus defined. This excess is due to the breaking down of 
unstable nitrogenous material. The German procedure of direct ness- 
lerization, after clarification of the sewage, yields results which are much 
nearer the truth. There is indeed a slight loss due to adsorption of the 
ammonia by the prepipitate, but by proper manipulation this loss may 
be reduced to a negligible quantity. Since most of our present data 
have been obtained by the distillation method, the discussiotv which fol- 
Jojvs will consider only such results, although the WYtet \s ccycwmcsA 
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that much more constant and significant ratios could be obtained from 
the figures if they had been obtained by the direct method. 

In a very fresh domestic sewage the ratio of the ammoniacal 
nitrogen to the organic nitrogen is usually about one to two. This 
appUes only to sewage from a small sewer running swiftly. In the 
larger intercepting sewers of our cities this ratio will b^, as a rule, very 
close to unity. At the other extreme, an old septic sewage in warm 
weather may show a ratio as high as seven to one. In calculating the 
ratio in this case allov^nce must be made for the fact that sedimenta- 
tion is taking place. The organic nitrogen value to be used in the 
ratio is not the actual value found, but should be calculated on the 
assumption that the total nitrogen — organic plus ammoniacal — has not 
undergone any diminution during the treatment, an assumption suffi- 
ciently exact for this purpose. This total nitrogen value, then, should 
be taken from the unsedimented sewage. Between these two extremes 
will be found the ratios for ordinary sewages. The rate of change does 
not seem to be proportional to the time. The ordinary staling of a 
sewage is not accompanied by a marked rise in the ratio, while in the 
later stages of active purification a rapid increase is noted. 

This ratio is obviously a factor changing with the age of the sewage. 
The rate of such a change will be affected by the temperature of the 
sewage, and will also depend upon the number and nature of organisms 
present. In a septic tank, for example, the change will take place much 
more rapidly than during the movement of the sewage through the sewer. 

No further experimental proof of the fact of the increase of this 
ratio with age is needed, for it is a matter of common knowledge. As 
an illustration of the application of this factor in actual practice, the 
following analyses of Boston sewage at different seasons are given. 
This sewage is for the major part less than an hour old. The analyses 
show the effect upon this condition factor of varying temperature, other 
things being practically constant. 



TABLE I. — Showing the Effect of the Temperature upon the Ratio of 

THE Ammoniacal to the Total Nitrogen 



Month. 


AveraRC 
temperature. 


Number of 
determinations. 


Ratio of Ammoniacal to Organic Nitrogen. 


Mean. 


Maximum. 


Minimum. 


July 

September . . 


71 
65 
47 


8 

8 

10 


1.70 


3.35 


1.44 
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The value of some sudi a conditkHi factor in discussing and com- 
paring septic sewages will be readily apparent. The usual method of 
describing such sewages by age only obvious^ omits the other im- 
portant factor — temperature — not to mention possible differences in 
the number and kinds of bacteria originally present. In describing 
sewages which have not been subjected to sepHc treatment, not much 
has hitherto been attempyted. Sudi terms as fresh and stale sewage 
have been used without any very sharp definitions. The applica- 
tion of condition factors such as ha\*e been described and of which 
other examples will be given will, it is believed, greatly facilitate our 
descriptions and even clear our concep^ons of these matters. 

A New Nitrogen Factor. — TTie application of the nitrogen analytical 
data to the question of composition as used in this paper still remains 
to be worked out. Our data so &r do not gi\'e us any information as 
to the ease or difficulty of purifjing our nitrogenous matter nor of the 
stability or non-stability of the nitrogenous matter in an effluent ; in 
other words, we know nothing of the kind of nitrogenous matter we 
are dealing with. In the writer's \iew these two things are identical, 
that is, a stable effluent would be difficult, and an unstable one esisy of 
further purification. Furthermore, it is believed that the ability of the 
nitrogenous matter to hydrolyze is a measure of its non-stability or of 
its ease of purification. Upon this princq>le the writer is working out 
the details of a new nitrogen &ctor which shall be the desired com- 
position factor. Such a factor is of q)ecial value in the analysis of 
effluents, and, it is hoped, may be fully discussed in the second part 
of this paper, which will deal more especially with the questk>n of 
effluents. 

Carbon 

Our knowledge of the carbon in sewage through our analytical 
results is meagre indeed. Hie ox)^gen<x>nsimied test is a measure of 
the carbonaceous matter present; imfortunately it is also a measure 
of the nitrites, ferrous salts, part of the chlorine, and doubtless of 
many other substances at present unknown to us. Add to this the 
fact that almost every laboratory has its own method of making the 
determination, and two things become apparent : first, that the results 
of the different laboratories are not at all comparable, and, second, that 
^ best of the results have but little real value in the interpretation 
w jstnaJym. The arguments winch have been \ised lot v!bi& ^^acuxate 
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determination of the total nitrogen apply with hardly less force to the 
question of total carbon. The oxygen consumed stands in the same 
relation to the total carbon as the albuminoid ammonia to the total 
nitrogen. But the present conditions are much more unsatisfactory in 
the former case, for the amount of carbon represented is only 2 or 
3 per cent, of th6 total carbon, while the albuminoid ammonia gives 
one-third or more of the organic nitrogen. What is tr^i^ of the variable 
ratio existing between the albuminoid ammonia and the total nitrogen 
is doubtless equally true as between the oxygen consumed and the total 
carbon. Hence the oxygen-consumed figures have no value as concen- 
tration factors, and, while they may be combined with the total nitro- 
gen figures to form composition ratios, the results are only rough and 
are not independent of the condition, as composition factors should be. 
For example, the ratio of the total carbon to the total nitrogen would 
be an ideal composition factor, since the condition of the sewage would 
have , but slight influence upon it ; but the ratio of the oxygen con- 
sumed to the total nitrogen will vary with the condition, and hence is 
not a satisfactory composition factor. It is possible, however, to use 
this rough factor to distinguish between purely domestic sewage on 
the one hand and on the other the same sewage mixed with a con- 
siderable volume of street washings or of factory wastes from such a 
process as tanning. Taking the oxygen-consumed figures as determined 
by the Kubel hot-acid method, with two minutes* boiling we find in a 
domestic sewage which is reasonably fresh that the oxygen-consumed 
values are roughly about 50 per cent, greater than the total nitrogen 
values. Immediately after a heavy shower this value will increase to 
three or four times the nitrogen figure. The fact must be emphasized, 
however, that by mere aging of the sewage the same change in this 
ratio may be brought about. 

Since we have but one carbon figure in our analysis, no condition 
factor based upon carbon alone has been yet developed, although the 
comparison of values obtained with and without heating seems promis- 
ing. The change suggested above, while an important correction to 
the composition factor, is too variable and untrustworthy in its nature 
to be of any service in denoting condition from the carbon standpoint. 
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Oxygen 

In any ultimate study of processes of sewage purification, eithet 
from the point of view of chemical energetics or of biological metabo- 
lism, the oxygen of the organic matter must needs be taken into 
account. Our present state of knowledge, however, does not warrant 
any such difficult determination as that of the oxygen of the organic 
substances, and in the present discussion that oxygen will be left 
entirely out of consideration. There remain, then, the oxygen which 
is dissolved in the sewage and that which is present in the form of 
mineral salts, notably as nitrites and as nitrates. Obviously the oxygen 
thus present has no relation to the concentration of the sewage, and 
its incidental and brief occurrence can be of no service in fixing the 
composition. Oxygen is then of importance only as a condition factor. 
Its importance in this r61e is so great that its determination becomes 
one of the most important in our scheme of analysis. In the discussion 
of the free ammonia-organic nitrogen ratio as a condition factor, it was 
stated that the increase in this ratio proceeded slowly at first. It is 
true that even in warm weather sewage may be as old as fifteen hours 
with but slight indication of the fact from this ratio. When putrefac- 
tion once sets in the ammonia ratio is important, but up to that time 
we must rely entirely upon the oxygen values. Fortunately these are 
easily determined, and are thoroughly indicative of the condition in the 
earlier stages. The free dissolved oxygen and the nitrites and nitrates 
probably enter the sewage with the domestic water, although in cold 
weather the production of nitrates imdoubtedly takes place in the 
sewage. From that time forward, except under very peculiar circum- 
stances, the tendency is towards the redistribution of this oxygen by 
the bacteria and their products. The rate of change of the oxygen 
is therefore a measure of the activity of those bacterial processes which 
are taking place within the sewage, and which by definition are altering 
its condition. 

There is some reason to believe that by interaction between the 
nitrites and certain decomposition products of the sewage, still ulti- 
mately due to the bacteria, a certain amount of the nitrites are con- 
sumed by direct chemical reaction. Under such extremely anaerobic 
conditions as are found in the septic tank, other salts, such as the 
sulphates and phosphates, are likewise reduced. So sensitive is this 
oxygen tent iof condition that in the case oi ^e TSo^Xotv ^^^wjg^ ^c>V 
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lected at the Sewage Experiment Station, a place at which the majority 
of the sewage arrives when less than an hour old, the amount of the 
dissolved oxygen is a seasonal function. It is entirely absent during 
the three summer months, begins to appear in the early fall, and reaches 
a maximum value sometime in midwinter, decreasing again as the 
warmer weather arrives. 

In Table II are given these results, together with the temperatures 
for nine months. The figures given are monthly or semimonthly 
averages of almost daily determinations. During May and June the 
changes were so rapid that semimonthly periods were chosen instead 
of the monthly periods used during the remainder of the year. 



TABLE II 



Month. 


Average temperature, 
F. 


Average amount of 
dissolved oxvgen. 
Parts per million. 


May I to i6 . . 






57 


2.9 


May 17 to 31 .. , 






61 


1.9 


June I to 15 . . 






62 


1.1 


June 16 to 30 






68 


0.1 


July , 






71 


0.0 


August . . . 






71 


0.0 


September . . , 






68 


0.0 


October . . • 






61 


0.3 


November . . , 






53 


2.2 


December . . . 






49 


3.9 


January i to 15 






46 


5.7 



In the accompanying diagram these figures are given in graphical 
form. From the manner in which the oxygen line approaches the axis, 
the dotted portion of the line, lying below the axis, is suggested. This 
would, of course, mean a negative value for the dissolved oxygen. In 
reality we may have some such a condition as this, although it is not 
truly a negative dissolved oxygen. After the dissolved oxygen of the 
sewage is entirely used up, the microoTgaxvAsxa?* \i^^\xv \.<^ ^t^c^ ns^-^ 
other substances containing oxygen. SwVpVvaX^^, ^\\o?»^^^^> "s^cA \s:tos 
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salts are reduced, giving rise to products which will readily become 
oxidized again upon exposure to oxygen. If such an extremely ana- 
erobic sewage be mixed with equal portions of water containing, let us 
say, ten parts per million of dissolved oxygen, and the dissolved oxygen 
of the mixture determined immediately, the amount found will be small 
or altogether wanting. It is this ultra-anaerobic condition of a sewage 
which I have represented by the dotted line, although its existence in 
this case is purely hypothetical. Its determination by the method indi- 
cated is entirely feasible, and the actual condition of a sewage contain- 
ing no dissolved oxygen can only be expressed in terms of this negative 
quantity which I would call " oxygen avidity'' 

The order of disappearance of the three forms of oxygen, namely, 
the free dissolved oxygen and that of the nitrates and the nitrites, seems 
to vary with the other variable conditions. Nitrates are found in the 
fresh Boston sewage most commonly in midwinter, and the nitrites 
generally have their maximum at that time, but there is no such direct 
seasonal effect noticeable as there is with, ttve Itee Qx^^SiTi.. \ti wsroa 
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laboratory experiments made to determine, if possible, the order of 
disappearance of the three forms, the effect of temperature and of the 
organisms present was strikingly shown. These experiments were car- 
ried out as follows: A sample of fresh sewage was collected directly 
from the manhole of the sewer. With this three bottles were filled. 
To each bottle was then added a small amount of paraffin oil to 
keep the sewage out of contact with the air. Dissolved oxygen sam- 
ples were then taken from each bottle by means of a siphon. Samples 
were also taken for nitrates and nitrites. Bottle No. i was kept at a 
temperature of about lo** C, and bottles Nos. 2 and 3 at about 
22** C. To bottle No. 3 a small amount of sludge from a septic tank 
was added in order to seed it with the septic tank organisms. The 
changes in the amount of dissolved oxygen, nitrates, and nitrites were 
then studied by determining these substances at intervals. The results 
of the series are shown in Table III. 



TABLE III 
ExPBRiMBNT I. Raw Sbwagb. Tbmpbraturb, 10^ 



Time. 



1A3-10 A.M. 
1/13-2 P.M. 
1/13-* P.M. 



1/14-10 A.M 



Pakts pbr Million op Oxygbn as 



Free, dissolved. 



5.8 
5.0 
1.0 
0.0 



Nitrates. 



2.7 

3.0 

10.7 

0.0 



Nitrites. 



3.8 
3.8 
0.8 
0.0 



ExPBRiMBNT II. Raw Sbwage. Tbmpbraturb, 22^ 



1A3-10 A.M. 
1/13-2 P.M. 
1/13-5 P.M. 




3.8 
0.0 
0.0 



ExPBRiMBNT III. Raw Sbwagb Sebdbd with Septic. Temperature, 22° 



1A3-10 A.M. 

1/13-12 M. 
1A3-2 P.M. 



6.5 
0.0 
0.0 



\ 



2.5 
0.0 



3.4 
1.7 



\ 
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Apparently under various conditions of temperature the relative 
changes in these three substances may be in one or another direction, 
and these changes are influenced by the bacteria. While it is perfectly 
feasible to define the several conditions of a sewage in terms of these 
three oxygen factors, and, if necessary, to determine, as in the experi- 
ments cited, the direction of the changes taking place, yet we are not 
able, with our present knowledge, to apply these condition factors to 
the practical problems of sewage treatment. That there is a consid- 
erable seasonal difference in the results of sewage purification is well 
known. In ordinary out-of-door work this difference is in favor of the 
summer season for reasons which are manifest. By eliminating as far 
as possible the effect of temperature upon the filter itself, which is 
possible only with small, indoor filters, these seasonal differences are 
reversed, the fresher winter sewage, with its plentiful supply of oxygen, 
being much more readily purified. This general observation is about 
all that we can make at this time. How much of this effect is due 
to the mere presence of the oxygen in preserving the activity of the 
filter, how much to the preponderance of bacterial nitrification over 
bacterial reduction (as shown in Experiment I), and how much to the 
absence of putrefactive changes which are themselves induced largely 
by the lack of oxygen, are questions to be answered by future investi- 
gations, and they are questions which must be fairly met and answered 
before we may claim to have a thorough knowledge of the purification 
processes with which we are dealing. 

One word may be said in favor of the practical use of the condition 
factors here suggested. Results obtained empirically on any one sew- 
age will be made available for general use only after we have discovered 
what are the important characteristics of sewage in relation to its treat- 
ment. Concentration and, to a large extent, composition characteristics 
are directly comparable. If these condition factors are found to be 
essential ones in determining the results of sewage treatment, then 
we may reasonably hope in the near future to be able to make use of 
the large amount of empirical data which today has little value except 
in reference to the sewage on which it was obtained. 

Chlorine 

It would seem from wholly d. priori reasoning that the relation of 

th* rine to the total nitrogen in sewages*from various localities would 

y constant quantity, these two elements \ie\rv^ \iQfCa. oi i>Mv^- 
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mental character in food. Such, mdeed, is the case in the majority 
of instances, although an occasional striking exception seems to lessen 
the value of the ratio in fixing the composition of a sewage. Unfor- 
timately the data available for determining this ratio with exactness are 
very meagre. Clark (1904) gives the results of total nitrogen deter- 
minations on the sewages of sixteen cities and towns of Massachusetts. 
Five or six determinations were made on each sewage ; the albuminoid 
ammonia determinations were made at the same time. From this series 
of results the writer has calculated the average ratio between the albu- 
minoid ammonia and the organic nitrogen for each locality. In another 
place in the same report are given yearly averages of monthly analyses 
of these same sewages, but without organic nitrogen determinations. 
Applying the ratio previously found to the albuminoid ammonia fig- 
ures given in these averages, it has been possible to estimate with fair 
accuracy the amount of organic nitrogen, and from this to establish the 
desired chlorine-nitrogen ratio. Table IV contains the results obtained 
in this way. Some results obtained by Fuller (1894) from four of these 
localities and one other, as well as the results from three English cities 
obtained by Rideal (1904), are also given. 

The sewages from these cities and towns show, with a few excep- 
tions, a fairly constant chlorine-nitrogen ratio of from one to one and 
a half. Three of the sewages are strikingly peculiar — Concord, Law- 
rence, and Natick. In Concord a large amount of ground water finds 
its way into the sewers, as is indicated by the extreme dilution of the 
nitrogenous material. There can be little doubt that a large part of 
this water is purified sewage with a high chlorine value. In Lawrence 
the very abnormal chlorine value may be due to mill liquor. Both 
Natick and Leicester have dilute sewages whose high chlorine ratios 
may be due to chlorine in the diluting ground water. The fact that 
a fairly constant ratio can be obtained in the case of most localities 
makes it seem very probable that the exceptions represent real variations 
from the normal domestic type. 
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TABLE IV. — Showing thb Ratio op thb Chlorine to thk Total Nitrogkn in 

Sbwaoks from Various Sources 

(Psuts per million) 



Place. 



Andover 



Clinton . 
Concord 



Framingham 
Gardner (old) 
Gardner (new) 
Hopedale . . 
Lawrence . . 



Leicester . . 
Marlborough 
Natick . . 



Pittsfield 



Southbridge . 
Spencer . . 
Stockbridge . 
Westborough 

Framingham 
Gardner . . 



Lawrence 

Marlborough . . . 
Worcester Hospital 



Exeter, England . 
Sutton, England . 
London, England 



NiTBOGKN AS 



Free 
ammooia. 



89.7 
33.8 

6.7 
26.1 
20.2 
27.8 
18.8 
18.1 
22.0 
25.9 
12.2 
12.0 
16.1 
14.9 

9.8 
13.8 

22.0 

8.8 

10.8 

27.1 

6.1 



Total 

organic 

(calc). 



16.8 

23.7 

4.2 
16.8 
14.8 
19.8 

8.5 
23.4 

8.8 
14.8 

7.9 
20.4 

8.9 
11.4 

3.8 
11.1 

14.9 

9.6 

14.5 

20.4 
32.0 



Total. 



56.5 
57.0 
9.9 
42.4 
35.0 
47.1 
26.8 
41.5 
30.3 
40.7 
20.1 
32.4 
25.0 
26.8 
18.1 
24.9 

86.9 
18.4 
25.8 
47.5 
38.1 

63.7 
88.1 
70.6 



Chlorine. 



70.0 
59.5 
26.6 
69.9 
33.8 
43.8 
22.8 
120.1 
54.7 
59.0 
59.5 
25.7 
29.0 
39.9 
12.8 
23.7 

27.0 
29.0 
87.5 
45.0 
32.5 

75.0 

89.9 

104.0 



a-rN 



1.2 
1.0 
2.7 
1.6 
1.0 
0.9 
0.8 
2.9 
1.8 
1.4 
2.9 
0.8 
1.2 
1.5 
1.0 
1.0 

0.7 
1.6 
1.5 
0.9 
0.9 

1.2 
1.0 
1.5 
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Fats and Fatty Bodies 

The determination of the fats and soaps in sewage is one whose 
importance is generally overlooked. These bodies are undoubtedly 
responsible for much of the clogging properties of a sewage which are 
noticed particularly in sand filtration. The fats, being non-miscible 
with water, are the less readily decomposed, a feature which is aug- 
mented by the very stable nature of the bodies themselves. Clark 
(1904) gives as the average yearly amount of these bodies, fats and 
soaps combined, in the Lawrence sewage about six parts per hundred 
thousand, or 20 per cent, of the total combustible solids. In the treat- 
ment of the sewage of large private country residences great difficulty 
is found in properly dealing with the fats, which in this case amount 
to a very much larger percentage of the total solids. In one such case 
which has recently come under the writer's study the sewage contained 
2, 1 00 parts per million of volatile solids, of which 1,400 parts per million, 
or 66 per cent., were fats. In our interpretation the fats have a value 
as concentration factors only. Their determination is of considerable 
importance for the sake of comparisons, and should be made regularly 
in any systematic study. An occasional determination of the separate 
substances, free fats, iand soluble and insoluble soaps, would also add to 
our knowledge of the character of the sewage. This separation is easily 
made by the use of suitable solvents. 



Iron, Sulphur, and Phosphorus 

The determination of these elements is not, as a rule, made in 
routine work. It would be extremely useful, however, to establish the 
normal amounts of these elements present in domestic sewages from 
various localities. Such data would be of value in calculating the 
amount of added industrial waste or other liquor which contained th6se 
elements. During the past year the writer has collected during each 
week an average sample of Boston sewage composed of equal portions 
of each daily sample. On this sample the iron and sulphates have 
been determined. The sulphates in this case are influenced by the 
presence of sea water and are, therefore, of no significance here. The 
iron-nitrogen ratio is found to be 0.2 for the yearly average. Variations 
in this ratio are slight. 
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Turbidity, Sediment, and Solids. Loss on Ignition 

The turbidity, if determined by a properly standardized method, is 
a rough measure of the suspended solid matter. The sediment is the 
amount of this matter which has settled out after a given period. The 
total solids are usually determined on the filtered as well as the unfil- 
tered sample. The difference between these two determinations gives 
the amount of solid matter in suspension, that is, the turbidity. Prob- 
ably the most accurate optical method of estimating turbidity is by 
some such instrument as the Jackson turbidimeter.^ This instrument 
is calibrated against finely divided silica, and its readings on turbid 
waters are in close agreement with the actual gravimetric values found 
for the solids in suspension. It is unfortunately true that an optical 
instrument of this nature gives correct values only when the suspended 
matter to be determined is of the same size as that matter against which 
the instrument was calibrated. In reading sewage turbidities in terms 
of silica there is a greater and greater variation between the turbidities 
and the actual solids in suspension as the size of the suspended parti- 
cles increases. Clark (1904, a) has recently proposed as a standard for 
sewage turbidities, and especially for the fairly coarse suspended matter 
in certain filter effluents, a suspension containing a known amount of 
this same coarse and at the same time fairly stable material. From 
this standards may be made up containing varying amounts of the sus- 
pended solids. By using such a material to recalibrate the Jackson 
turbidimeter, one should be able to read the solids in suspension in a 
sample of sewage with a very fair degree of accuracy. If the suspended 
solids are determined in this way there seems to be little need for the 
total solids determination. Its results are at best open to suspicion, 
owing to the difficulty of completely drying a sample without loss of 
organic matter. This is especially true in the presence of deliquescent 
salts. 

The sediment may be determined by a second reading of 'the 
turbidity after the sample has stood for a standard length of tune. 

The loss on ignition shows in a rough way the amount of the total 
solids which are volatile at a low red heat. It therefore includes the 
organic matter, with the exception of some of the carbon which may 
remain behind as alkaline carbonate. It also includes all such volatile 
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substances as ammonium carbonate and chloride, and to a slight extent 
other mineral salts. The determination has never been regarded as one 
of much value. 

Alkalinity 

Domestic sewage is normally slightly alkaline. The alkalinity of 
a sewage has little significance in the interpretation unless it has an 
abnormal value. Such a characteristic might indicate the presence of 
industrial wastes which would otherwise have escaped notice. 

Bacteria 

The determination of the number of bacteria present in the sewage 
gives us in general little if any additional knowledge as to its charac- 
teristics. In certain special cases their total absence or presence in 
comparatively small numbers might direct the attention of the analyst 
to the presence of germicidal bodies in the sewage which would have 
otherwise escaped detection. In the discussion of the question of 
effluents the determination of the number and kinds of bacteria will 
be shown to have considerable significance. 

Unfiltered and Filtered Samples 

It is the usual custom in this country to make the principal deter- 
minations both upon the unfijtered sample and upon a sample which has 
been passed through filter paper. The differences noted are assumed 
to represent the amount of the substance in question which has been 
removed by filtration, and hence roughly the amount in suspension. 
In the determination of the total nitrogen or total carbon, such an 
assumption is legitimate. In using such comparative processes as the 
albuminoid ammonia and the oxygen-consumed processes, however, an 
error of considerable magnitude is thereby introduced. For example, 
the writer found in an extended comparison of the albuminoid ammonia 
with the organic nitrogen that as an average of a number of determina- 
tions 40 per cent, of the dissolved nitrogen and only 25 per cent, of 
the suspended nitrogen were recovered as albuminoid ammonia. In such 
a case the albuminoid ammonia might show equal amounts of nitrogen 
dissolved and suspended, when actually neatly t^o-\}K«:^'5» <^\. *Csns. \a\:^ 
would be in suspension. 



The Interpretation of a Sewage Analysis 57 

. In Germany and among certain English analysts samples are always 
filtered through paper before analysis. Such analyses are then pub- 
lished as analyses of the sewage. In defense of this practice it is said 
that an analysis of the sewage itself and not of the suspended solids 
is what is desired. Further comment is unnecessary except to state 
that such analyses are in no way comparable with our own. 

Conclusion 

In conclusion it may be well to bring together the various impor- 
tant analytical figures and factors which have been discussed in the 
preceding pages. 

For concentration factors we should have determinations of the 
total nitrogen, total carbon, chlorine, and fats and soaps. Of minor 
importance, but useful in a systematic study for comparison, are the , 
determinations of the sulphates, phosphates, and iron. 

For composition factors the ratio of chlorine to nitrogen is perhaps 
under the present conditions of our analytical methods the best that we 
have. With the determination of the total carbon, the carbon-nitrogen 
ratio ought to prove of even greater value. The ratio of oxygen con- 
sumed to total nitrogen is only rough at best and is not independent 
of condition. It will, however, indicate any considerable change in the 
character of a given sewage, such a change as would be caused, for 
example, by a heavy summer shower. 

For condition factors we have at present two independent sets of 
numbers. The oxygen values as found in the dissolved oxygen, nitrates, 
and nitrites serve as an admirable index of the condition of a sewage 
before putrefaction becomes active. During the later stages the free 
ammonia-organic nitrogen ratio is of' great significance. The ratio of 
carbon oxidized by permanganate to total carbon may be found to have 
some value in determining condition. As a first prerequisite, however, 
a method must be developed ' for the oxygen consumed determination 
which can lay some claim to accuracy and constancy. In the accom- 
panying sewage analysis there are given in ordinary type the analytical 
data which the writer believes will be found essential to a satisfactory 
interpretation of the analysis. The determinations in italics are not 
regarded as essential, but are of value in a systematic study of various 
sewages. New determinations will undoubtedly be added, such as, for 
instance, one which will show the tendency oi ticie xitoco^crtfiM^ TaaXXsx 
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to hydrolyze (putrefy) ; possibly some new ratios will be found to denote 
condition, but in the main the analysis here given is an example of what 
ought to be done in sewage analysis. No argument based upon the 
time consumed in making such an analysis should have weight against 
the adoption of this procedure. The tendency should be towards aver- 
age samples taken from the whole day's run of sewage or the whole 
discharge of an effluent. A thorough knowledge of the action of various 
germicidal bodies in preserving such samples is desirable. Certain de- 
terminations will doubtless have to be made immediately, but the major- 
ity of the determinations here recommended can be made on an average 
sample of one whole week if necessary. Fewer but more representative 
samples examined thoroughly will take no more time than the rough 
analysis of many samples. 

The writer would emphasize the statement already made that the 
object of these proposed factors is not to enable the analyst to say 
that any given sewage is of a certain age or of a certain composition. 
Such information might be more readily and accurately gathered from 
a survey of the sewerage system, and in fact no such concrete reference 
can be made from the analysis. It is known, however, that a study of 
our filtration results, and especially those obtained at our experimental 
plants, leads us at present only to empirical data which are correlated 
but slightly with one another or with the results from other plants. 
It seems more than probable that such a condition is due to lack of 
proper interpretation of our analyses, and that if we can truly interpret 
these analyses in terms of essential characteristics from the point of 
view of purification, and study our purification results on the basis of 
this interpretation, then we shall find that these results are correlated 
with the analyses and with one another, and that it may be more possi- 
ble than heretofore to predict the probable effect of treating a given 
sewage by a given system of purification. 

In the present paper we have considered only the subject of raw or 
untreated sewages and of septic sewages. The analysis of the effluent 
of a sewage filter is made for the distinct purpose of estimating the 
efficiency of the process of purification, and the interpretation of such 
an analysis requires a treatment quite distinct from that given here to 
sewage analyses. In a future paper the writer hopes to take up the 
discussion of this other important phase of the interpretation of sewage 
analysis. 
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II 

THE^ INTERPRETATION OF AN ANALYSIS OF THE 
EFFLUENT FROM A SEWAGE FILTER 

By EARLE B. PHELPS 
(Received April 3) 1905) 

In a previous paper the writer (1905) has described certain charac- 
teristics of a sewage, in terms of which the analytical figures may be 
interpreted, in order that sewages may be described and classified with 
reference to purification. The subject of sewage filter effluents, requir- 
ing, as it does, a distinctly different manner of treatment, was not 
considered at that time. The proper interpretation of the analyses of 
such effluents, however, is equally important in experimental work, and 
is the essential point in the work of the practical sewage filter. In the 
present paper it is the intention to discuss this phase of the sewage 
purification problem. Septic sewage was considered in the previous 
paper as a sewage to be purified. It must also be considered here, 
but as a partially purified effluent. 

The subject of the quality of the effluents derived from a sewage 
filter has been considered from two totally different points of view, 
which have led frequently to conflicting opinions as to the results 
obtained. One \dew is based upon the actual work of the filter ex- 
pressed in percentage efficiency, and necessarily takes into account 
the nature of the raw sewage. The other is based upon the quality 
of the effluent as shown by the analysis. 

The former is, as a rule, the point of view of the investigator who 
is comparing the work of several types of filters upon the same sewage, 
and, who finds in the percentage efficiencies of the several filters a 
convenient basis for such comparisons. The latter is the bto^Ji<^^ m^^« 
of the sanitarian and of the public VieaVtYi oSiesaJi, ^Vo^^ ^iN:is:i "^ ^s. \.^ 
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inquire, not what is the percentage removal of organic mattery but what 
will be the probable effect upon the health and comfort of the com- 
munities below of the discharge of this effluent into a stream. Both 
viewpoints must be taken, each supplementing the other. 

The expression, "percentage removal," sometimes called the efficiency 
of the filter, is of very little value in the comparison of systems which 
are not receiving the same sewage, for it is much easier to get a high 
efficiency, calculated in this way, on a strong sewage than on one which 
is weaker. The figure in any case is of real value'only when it is based 
upon determinations which are themselves total and not partial deter- 
minations. For example, it is obvious that -the total organic nitrogen 
or trnal organic carbon of the raw sewage and of the effluent may be 
directly compared ; but the comparison of such partial values as those 
of the albuminoid ammonia or of the oxygen consumed will give only 
misleading results. Whatever value such determinations may have in 
the comparisf^n of like substances is entirely lost when the substances 
arc unlike. The removal of bacteria may properly be expressed in the 
form of efficiency, but in the case of very good effluents this form of 
expressing results fails in another respect, in that a very short range 
of numerical efficiencies covers a wide range of actual conditions. For 
example, it might not readily be noted that in a given filter a change 
fffmi 99.9 per cent, to 99.8 per cent, in the bacterial efficiency woidd 
mean a doubling of the bacteria in the effluent, while smaller but signifi- 
cant changes in the effluent would not appear in the efficiency nvunber. 
On the whole it would seem that a better interpretation of the analysis 
of an effluent can be made than this customary comparison with the 
raw sewage. A direct comparison of effluents derived from the same 
sewage will serve the purposes of the investigator fully as well as a 
Cfrnijifirlfton of the efficiencies, while the quality of the effluent is the 
flnal and practical criterion upon which the work of the filter must be 
judged « 

Historical. Standards of Purity 

In an art of the English Parliament of 1861, entitled ** Local 
Government Act Amendment Act" (Great Britain, 1861), a provision 
prohibits the construction of new sewer outfalls which shall discharge 
tttiy ••sewage or filthy water into any natural water course or stream 
iihi)) »\nh sewage or filthy or refuse water be freed from all excremen- 
tltloiis or other foul or noxious mallet smcYi ^ ^wwiSA. «SS»cx ^ Aslft- 
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riorate the purity and quality of the water in such stream or water 
course." This act is of interest in that it is the first law, in England 
at least, requiring treatment of sewage. At that time no standards 
were available, and it would be of interest to learn just how it was 
determined when all such ** excrementitious and foul matter" had been 
removed. 

As early as 1872 (Great Britain, 1872), the first Rivers' Pollution 
Commission of England recommended the following standards of purity 
for effluents. A nonpoUuting liquid shall not contain in 100,000 parts 
over three parts of mineral matter or over one part of. organic matter 
in suspension ; nor in solution shall it contain over two parts of organic 
carbon or 0.3 part organic nitrogen. This standard would have pre-, 
vented the discharge of any but the most perfectly purified effluents. 
The recommendations were never embodied in the law, and never since 
that time have the established standards been so exacting. The follow- 
ing standards, all expressed in parts per 100,000, have almost legal force 
in the various districts of England (Rideal, 1902) — Thames Conserv- 
ancy: organic carbon 3.0, organic nitrogen i.i; Derbyshire County 
Council: albuminoid ammonia o.i, oxygen absorbed i.o; Ribble Board: 
albuminoid ammonia o.i, oxygen absorbed 2.0; Mersey and Irwell: albu- 
minoid ammonia .14, oxygen absorbed 1.4. 

It will be seen at once that mere dilution of the effluent will bring 
it within the limits of any such standards, which are based upon actual 
amounts of organic matter present. It is even claimed by the sani- 
tary inspectors that certain manufacturers use this method as their sole 
means of bringing their waste liquors down to the required standard. 

Since the introduction of the more recent biological processes our 
ideas of purity of effluents have been gradually changing. In many 
of these processes, but most notably in the case of the continuous, 
or trickling, filter, a large amount of organic matter is passed through 
the filter, which upon examination generally proves to be of a peaty 
or humus nature and incapable of further putrefactive change. Aside 
from the possibility of such material creating a nuisance by forming 
deposits behind milldams or in the lower reaches of the stream, it 
appears to be entirely harmless and nonoffensive. Chemical analysis 
fails to distinguish between the ordinary putrescible matter of sewage 
and this non-putrescible material which results from the treatment of 
the sewage in the manner indicated. This has led to the iattodvic-tv^^ 
of putieseibility, or incubation, tests wYvvc\v zx^ xvo^ ^o clc^xsccw^-^ \is&^. 
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These depend in general upon the storage of the effluent in a bottle 
at summer temperature and out of contact with the air for a period of 
several days. Certain tests are then made upon this incubated sample 
to determine if it has undergone putrefaction. The determination of 
the oxygen consumed before and after incubation is the one most fre- 
quently employed. Many chemists determine the loss of dissolved 
oxygen and of nitrates either in the original effluent or after mixing 
it with certain quantities of aerated water or nitrate solution. 

Attention has also been called to the value of the nitrates in an 
effluent. Gayon and Dupetite (1886) have shown that denitrification 
is a direct combustion of organic carbon at the expense of the oxygen 
of the nitrates. Experiments of Adney and of Letts tend to confirm 
this view. It is also brought out by these investigators that the free 
dissolved oxygen likewise takes part in the reactions, carbon dioxide 
being evolved in amount corresponding to the free oxygen used up. 
Thus instead of adhering to the older view that all organic matter is 
harmful and must be kept below a certain maximum standard value, 
the more recent practice is to balance the available oxygen against the 
organic matter, and, if the former be found in excess, to consider the 
effluent satisfactory. The question remaining to be settled, and on 
which there are many views, is just how much of the oxygen is 
available and how much of the organic matter requires oxidation. 

These and other considerations have led to the construction by 

Rideal (1902) of a formula for the discharge of effluents into a stream, 

which he proposes as a practical standard of purity for effluents. This 

formula is : — 

^^ XO 

in which 

X = Flow of the stream in hectoliters per minute. 

O = Grams of free oxygen in i hectoliter 

5 = Hectoliters of effluent discharged per minute. 

M-= Grams of oxygen required to consume the organic matter in 

I hectoliter of effluent as determined by the permanganate test, 

boiling for four hours and deducting for the nitrites. 
N = Grams of available oxygen as free oxygen, nitrate, and nitrite 

(2O2 for NjOg, O2 for N^Og). 
C = Ratio between the amount of oxygen in the stream and the 

amount of this required to oxidize tVie otgame xoaXXet. 
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This formula serves to distinguish three possible cases. If C be 
negative, the effluent not only will not putrefy by itself, but by virtue 
of its excess of available oxygen will tend to improve the condition of • 
the stream, if the latter- be already polluted. If C be greater than 
unity, the effluent will draw upon the oxidizing power of the stream, 
diminishing the power of the latter to deal successfully with further 
pollution ; but in this case the stream will not itself become foul from 
this effluent. If C be positive, but less than unity, the stream will be 
overburdened by the addition of the effluent, and will become foul. 

In England, where the subject of streams pollution has received 
careful study, the opinions of the experts on this question of standards 
vary greatly. The late Sir Edward Frankland (1902), in his testimony 
before the Royal Sewage Commission, restated the proposition advanced 
by him in 1874, that "there is no river in the United Kingdom long 
enough to effect the destruction of sewage by oxidation.*' Frankland 
also expressed distrust of the incubation test, believing it to be unre- 
liable. On the other hand, the position taken by Rideal, that all free 
oxygen, as well as the oxygen of the nitrates and nitrites, is available 
to complete the oxidation of the remaining organic matter, was supported 
by much of the testimony. The same views are embodied in a test 
proposed by Adney (1902), who would incubate a sample of the effluent 
after diluting with river water in the proportion in which the two are 
mixed in the river. Then if no putrefaction occurs the effluent is 
satisfactory. 

This test represents the extreme view of that school of sanitarians 
who hold that, if a partially purified effluent can be supplied with suffi- 
cient available oxygen for the complete oxidation of the remaining 
organic matter, it may with safety be discharged into the stream, and 
the purification will be completely carried out within the stream. In 
justice to this view, it should be stated that what is here attempted is 
apparently not the protection of the streams from pollution by disease 
germs so much as the prevention of an apparent nuisance in, or fouling 
of, the stream. The evident intention is to keep the stream in such 
a condition that it may be rendered fit for domestic use by further 
purification of the water. 

With our present knowledge, at least, this would seem to be the 
wiser provision. We know little, unfortunately, of the viability of 
disease organisms in sewage and of tVve ^fteoX oi ^x^t&v^-^v^xv Nr^^-^^x- 
ment upon them. While the ideal coivd\\.\oiv, ^xv^ "Otv^ ^'^^ xor^-^ 
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which sanitarians should ever be working, \% the perfect purification 
of sewage from all pathogenic bacteria before discharge, it may never- 
theless l)c letter economy, with our present information, so to purify 
our sewage as to prevent it fn>m seriously fouling the streams and to 
thoroughly purify all waters taken from them for domestic use. With 
the idea, therefore, of inteq:)reting our analyses of effluents in accord- 
ance with this view, let us examine our analytical procedure in connec- 
tion with the purification processes to ^ce what significance each of the 
substances determined has u|X)n the interpretation of the analysis of 
an effluent. At the same time the fact must not be overlooked that 
practically jxirfect purification from the bacterial point of view is entirely 
feasible, and in many cases desirable. The question of the interpreta- 
tion of slow-sand-filtcr effluents will, therefore, naturally be included in 
the present discussion. 

Nitrogen 

Aco>rding as the conditions of the purification process are aerobic 
or anaen>bic, the nitmgen of the organic molecule may follow one or 
the other of two ver\' different courses. In the slow sand filter and 
aW"* in the ixTa>lating, or trickling, filter, in both of which types there 
is a plentiful supply of oxjgen, the course of all the nitrogen seems 
to be fn^m organic molecule to ammonia, and thence to nitrites and 
nitrates. In a verj' good sand filter as much as 99 per cent, of the 
oncanic nitn>gen may be thus accounted for. On the other hand, 
Farrell and the writer (1905) have recently showTi that in the contact 
M 5tem of purification, while as much as 25 per cent, of the total nitro- 
^-n may f«>I!'nv this course, a large part of the remainder is converted, 
'in'Vr the anaen^bic conditions of the reduction phase, into the amine 
f'TTTi, and tHnt these amines in turn react with the nitrites previously 
f' -pTTi':*! Tnt*i a*acti<^n causes a liberation of a large percentage of the 
f. r;,; rtrrvjvn in the form of the free gas. As much as 50 per cent. 
■f ^r^-t r-ril mny thus disappear. In the septic tank also nitrogen is 
T.V^T^u.^ K.f \r^ ^ys^ ^^5^^ ^}^ liberation is brought about by the direct 
i.^'i r • t t'"*? mi' r^i^txanisms upon the organic molecule. Kinnicutt 
T-r' F.'^-^v 'ry- r) ha\^ published the results of what is probably the 
•^r.^* ...r^v.jj 5t.Miv ever made of the amount and compositkni of the 
X\^ ij-.-n ..ff in the septic tank. As a result of their work tqxm 
^hi' 55'.r'>-sttT 5rwru:t\ extending over a period erf a littilc over two 
y^.vr-jr, f^ejr tovavA, ft>r the first fifteen iwcwSte iBbfc vitx^gt «bki9db&. vL 
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gas evolved was 2.3 gallons per \qo gallons of sewage, and that of this 
gas 32 per cent, was nitrogen. A simple calculation shows this amount 
to represent 9.8 parts per million of sewage. The total nitrogen value 
for the raw sewage, as given by Eddy (1901), is 42.5 parts per million, 
so that 23 per cent of the total is evolved in the tank as nitrogen gas. 
During the following year the average results similarly calculated are 
8.5 parts per million evolved, or 17 per cent, of the total nitrogen of 
the sewage. The latter figure itself is not given for that year, and is 
here calculated approximately by the formula proposed by Fuller (1903), 
which is, 

^ ^ , . .^ 12 X (albuminoid nitrogen)^ 

Total organic nitrogen = ^^ -, — = — ; — '—' 

ammoniacal nitrogen 

Similar calculation made upon some results obtained by Clark 
(1900) on the Lawrence sewage shows an evolution of nine parts per 
million of nitrogen in a sewage which contains approximately forty 
parts per million of nitrogen as calculated by the above formula. The 
nitrogen evolved in this case is therefore about 22 per cent, of the 
total. 

In Manchester, England^ Fowler (1901) has made some analyses 
and measurements of the gas in a septic tank. His results, calculated 
into parts of nitrogen per million, give 12.5 parts. Averages of the 
raw sewage are not given, but, judging from the septic tank effluent, 
the sewage is of about the same strength as that of Lawrence. 

Knowledge of the actual amount of nitrogen escaping from the 
septic tank or from a contact filter is obviously of great importance, 
and the value of total nitrogen determination as an index of the work 
of these processes is evident. 

The Free Ammonia, — The free ammonia being a transition stage 
in the purification process is not of much significance in those rapid 
processes of treatment where a large amount of ammonia is produced 
in a short time. While it is strictly an inorganic substance, and in 
every way harmless, yet the fact must not be overlooked that it is 
not a stable compound when discharged into a stream. All the free 
ammonia must be oxidized at the expense of the free oxygen of the 
stream, and its effect in thus reducing the power of the stream to 
further purify organic matter must be allowed for. This fact is not 
considered in RideaVs formula previously given. In very pure efflu- 
ents, such as those from sand filters, the free ammoTvvac^ b^\csj^ ^-^x^xss^ 
low, is^ valuable index of the work oi t.\ve ft\Xet. \tv %>\Ocv c^%^'5.*>x\sx»^ 
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be said that it runs very nearly parallel with the organic nitrogen as 
well as with the bacteria. 

Nitrites, — The nitrites are likewise transition substances, and are' 
extremely unstable. In filters of th^ oxidizing type, nitrites are a 
valuable indication of the condition of the filter. When such a filter 
is running at its best, the nitrites will, as a rule, be low. A marked 
increase in the nitrite value is then an indication that something has 
gone wrong with the filter. Considered with reference to the stream, 
they are of value in that they possess available oxygen, although as a 
rule the amount of nitrites present is too small to be of any value in 
this respect. Their great importance in the reactions of the contact 
filter has already been alluded to. 

Nitrates, — Nitrates are the final product of the oxidation of the 
organic nitrogen. Their appearance in sand and trickling filters is, 
therefore, of great significance, in that they indicate the actual amount 
of work done by the filter. Their relation to the quality of the efflu- 
ent is also important. They carry the largest amount of the available 
oxygen of the effluent', and it* is now believed by most authorities that 
they may be entirely consumed in the process of secondary oxidation, 
which takes place in the stream after the discharge of the effluent. 
Any arbitrary standard for purity for effluents from such filters should 
therefore contain, in addition to a maximum allowable amount of organic 
matter, a minimum amount of nitrates. In such a case mere dilution 
of an effluent could never bring it to the desired condition, while with 
high nitrates an effluent will not generally become foul or offensive by 
secondary putrefaction. 

Authorities are not yet in agreement as to the significance of 
nitrates in the contact filter effluent. This point has been discussed 
in detail in the paper on the contact filter previously referred to (Phelps 
and Farrell, I905), and will not be taken up here. The writer's opinion 
is that since nitrates are used up in the work of the filter, their appear- 
ance in the effluent merely indicates that an excess has been formed, 
and that if necessary the filter may be worked harder. Perfectly stable 
effluents may be obtained practically free from nitrates. 

Carbon 

The organic carbon is determined only partially by the oxygen- 
consumed test. While this test has a certain V2iue m >i)aa coT«v5»:6aow 

■ 
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of effluents from similar filters, and especially as a quick method for 
controlling a filter, it has no scientific basis whatever, and the relation 
of its results to the total carbon is, so far as the writer is aware, 
imknown. In a few experiments made by Mr. Roger L. Rice under 
the writer's direction it was found that the percentage of the total 
carbon of various organic substances given by this test varied all the 
way from a few per cent, in the case of cane sugar to 100 per cent, in 
the case of such bodies as ammonium oxalate. The futility, therefore, 
of attempting to calculate the efficiency of a process upon the basis of 
the test is apparent. It has been claimed that with a foiu' hours' boil- 
ing this process determines the total carbon, and Rideal has worked 
out his formula for purity of effluents on this assumption. The subject 
of the determination of the total carbon by a method which shall be 
fairly accurate and at the same time sufficiently rapid and easy for 
routine sewage work is one which should receive the attention of sew- 
age chemists. The question whether or not the oxygen consumed as 
now determined, or as it may be determined by some modification of 
the present process, bears any significant relation to the total can then 
be considered, and it is very possible that a relation may be obtained 
which shall show the ease with which the organic carbon can be 
oxidized. This latter point is, of course, an important one in the con 
sideration of the stability of the effluent. The oxygen-consumed deter 
mination is of undoubted value in the putrescibility tests, which will 
be considered later. 

Oxygen 

Free dissolved oxygen in the effluent represents a reserve oxidizing 
power by which the effluent can further purify itself. Its presence also 
indicates that there has been a sufficient supply of this necessary ele- 
ment during the process of purification. The effluents of oxidizing 
filters, sand and trickling filters, should always contain free oxygen. 
If all the oxygen is used up, then the process is not being properly 
worked. In the contact-filter effluent the free oxygen has another 
significance. The supply of oxygen being necessarily somewhat limited 
in this type of filter, it will become most completely exhausted in that 
filter which is doing the most work. We find that this is actually the 

* 

case at the Sewage Experiment Statioiv \.te"a.\Aiv^ ^c^'sX.Qts. ^^^n-jv.^. ^xis. 

best contacUGlter eflfluents are, as a T\Ae, ixee^ ixcmv ^\%'s.^n^^ cs^^i^-' 

wAife others, although less well purifved, cotvX^m o^^^^^^. '^'^^^ ^"^^^ 
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which is free from dissolved oxygen, might be looked upon with sus- 
picion but that it contains high nitrates, and has thus an available 
reserve of oxygen in another form. There may be some doubt as to 
which of these two effluents is really the better. They would doubtless 

both give similar values for C in Rideal's foi;cnula. Incubation tests 

■I 

are strongly in favor of the one containing nitrates. 

PUTRESCIBILITY TeSTS 

By putrescibility we denote that property of the organic matter 
in a sewage or effluent which causes it, under certain conditions, to 
undergo putrefactive change. Thus gelatin is a putrescible substance, 
while peat is a good example of a non-putrescible, or stable, substance. 
For the purposes of sewage work, the organic matter dealt with may 
be roughly grouped into these two classes, for it is now pretty gener- 
ally conceded that, in addition to the readily putrescible organic matter 
which characterizes sewages, there is also found in effluents organic 
matter of the other class, that is, stable organic matter. Bodies be- 
longing to this latter group may already exist to some extent in the 
raw sewage, and they are the characteristic end-products of the rapid 
oxidation of the sewage in a trickling filter. They are not produced 
appreciably in the anaerobic decompositions of the septic tank, and 
would, therefore, appear to be the result of the direct oxidation of 
the organic molecule rather than of its hydrolitic cleavage. This view 
may be illustrated by the two following hypothetical reactions : — 

Oxidation, 2R-N=R' + 3O2 = R-O-R + 2R'=0 + NgOg. 
Hydrolysis, R-N=R' + HgO = R-OH' + R'=NH. 

In other words, hydrolytic cleavage produces amines and complex, per- 
haps unsaturated, hydroxyl bodies, while oxidation produces ultimately 
oxides of nitrogen and organic molecules which do not readily take 
up more oxygen. 

Water analysts feel strongly the need of distinguishing between 
these two classes of bodies in potable waters represented by animal 
pollution on the one hand and by vegetable extractive matter on the 
ether. Many attempts have been made to devise an analytical process 
for this purpose. Woodman (1898) has proposed a method which is 
worthy of wider adoption. He would determine the oxygen consume^ 
by the regular method from permanganate and again itoxn c\\xotci\c ^On^. 



Interpretation of Analysis of Ejfluent frotn a Sewa^ Filter 133 

The ratio between these two \-ahies is a characteristic one for each of 
the two classes of material. The water analyst, however, has other 
determinations upon which he can rely to aid in his interpretation. 
The chlorine, nitrites, and nitrates each have their own significance, 
and help to explain the origin of the organic matter. 

In sewage analysis nothing in the ordinary procedure serves to 
give any clew to this question of the character of the organic matter. 
Therefore about 1895 Scydder (1902) devised as a simple method of 
studying this point the test which has since come to be known as the 
incubator test. In its earliest form this test consisted in completely 
filling a bottle with the eflBuent and keeping it stoppered at a warm 
summer temperature for a few days. If it was then free from odor 
and from all signs of decomposition, it was considered nonputrescible. 
Later Scudder placed this test upon a more scientific basis by deter- 
mining the oxygen consumed from permanganate in the cold in three 
minutes, the dissolved oxygen and the nitrates both before and after 
incubation. A putrescible effluent as defined by him will have lost 
part of 01: all its dissolved oxygen and nitrates, and will absorb an 
increased amount of oxygen from permanganate. 

The writer's experience with the incubation test upon many kinds 
of eflfluents leads him to believe that the observed changes in the 
amount of available oxygen and in the oxygen-consuming i)ower of 
the eflfluent during incubation serve to indicate three different condi- 
tions of the eflBuents, rather than two only, and. that the interpretation 
of the test from this point of view makes it the most valuable one in 
our analytical procedure. The following classification of the results of 
the test will make this view plain : — 

1. There is no loss of available oxygen during the incubation. 

2. There is loss of available oxygen. 

a. The loss is only partial. The oxygen-consumed value is un- 
changed or diminished. The effluent remains clear without the pro- 
duction of disagreeable odor. 

b. The loss is total. The oxygen-consumed value is increased. 
Putrefaction has occurred with the production of disagreeable odors, 
and usually of a dark sediment. 

In case i the organic matter is stable, or nonputrescible, in the 
true sense of the word. Such an efiVuitrvt vj<.)\M ^^^.^'s* ^^ vxo^ti^o^^vjv 
test in its strictest form as recommended \yj Scwddvtx . 0^^e*t 1 a \vs^^< 
an effluent whose organic matter Vs rvOt wm\^^\.^^ ^^2^^*^- 
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is indicative of putrefaction having taken place. The determination of 
the free oxygen and the nitrates after incubation will be unnecessary 
unless it be desired to distinguish between Class i and Class 2^ as 
described. In the writer's opinion lio such separation is necessary, 
since effluents of either class are either stable or will rapidly become 
so. In fact, it is only effluents of the highest degree of purity which 
will fall into Class i. Such effluents will, as a rule, be produced only 
when necessary for the protection of water supplies, and in such cases 
a much more delicate test, such as the bacteriological examination, 
would naturally be relied upon. 

It will be observed that the conditions established by these incu- 
bation tests correspond with the three conditions defined by Rideal's 
formula (page 126), the difference lying in the way in which the oxy- 
gen required for complete oxidation is determined. The use of such 
a formula as a substitute' .for the incubation test would be highly 
desirable. It must first be shown, however, that the oxygen con- 
sumed from permanganate is practically the same as that used up 
during incubation. Obviously by boiling for four hours with perman- 
ganate a much greater amount is used up than would be required 
by the effluent to render it stable. The Lawrence method of boiling 
for two minutes would probably give deficient values. This is a point 
worthy of further study, since it determines at once the most important 
character of the effluent — its stability. 

Filtered and Unfiltered Samples. Turbidity, Color 

In effluents showing an appreciable turbidity, the determination of 
the total nitrogen upon the sample after filtration through paper will 
give additional information. Since it may be assumed that a large 
part of the suspended solids will eventually find its way to the bed 
of the stream, this information will be of practical value to the analyst. 
The writer has found the determination of the putrescibility upon such 
a filtered sample to be also of service. In some cases a mere settling 
out of the grosser matter will serve to change the character of the 
effluent from one slightly putrescible to one thoroughly satisfactory. 
As a measure of the absolute amount of suspended matter in the 
effluent, a quantitative reading oi tYve t\it\MVoj ^^ ^^'s.ox^sifc.^ 'xsv -^sk^ 
earlier paper will be of ser\^ice. 

The color of clear effluents ol Yvigh p\xt\Vj oi\.^xv ^e^^^ "^^ "^ 
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indication of slight changes in the work of the filter. Where a high 
degree of purification is not attempted the color of the effluent is of 
no value whatever. 

The odor of the effluent is often of significance to the analyst, 
although the difficulty of correctly describing such an odor in intelligi- 
ble terms lessens the value of this test as a matter of record. The 
writer has used a set of terms for odors in sewages and effluents 
which are sufficiently self-explanatory to any other analyst engaged in 
the same work to render them of some service. They are as follows : 
SewagCy the odor of fresh sewage as it flows in a city sewer, espe- 
cially in winter. Septic^ tte characteristic odor of septic sewage, which 
often persists after passage through the filter. Mtistyy as used in water 
analysis; generally characteristic of contact filters. Earthy y the odor 
of fresh, clean earth, characteristic of trickling filter effluents. Vegeta- 
ble^ as used in water analysis, characteristic of \jrell-purified sand-filter 
effluents. The numerical expression of the intensity of the odor, as 
recommended by Whipple (i 901), is used in connection with these terms 
with fairly satisfactory results. The odor after incubation is obviously 
of great value in the interpretation of that test. 

Bacteria 

When we consider that the removal of pathogenic organisms from 
the sewage is one of the prime reasons for its purification, it is unfor- 
tunate that the advance of knowledge in this particular subject has 
been very much slower than on the purely chemical and engineering 
sidfes. The actual removal of pathogenic organism from water by sand 
filtration has been experimentally demonstrated, and a study of the vital 
statistics of certain localities before and after purification of a polluted 
water supply leaves no room to doubt that a fairly complete removal 
of such organisms by sand filtration is possible. It might thus very 
well appear that in the case of sewage a careful purification through 
sand filters, which reduces the total bacteria to a figure permissible in 
a filtered water supply, will also have effectively removed the pathogenic 
forms. 

The organisms supposed to be the cause of nitrification in the 
filters have been extensively investigated. Qualitative studies other 
thsin these are not very often made. What little information exists 
at present on this important subject is for the itiost igaiX. Xcso xc^eajgt^ 
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to allow of any general conclusions as to the significance of any given 
organism or groups of organisms in an effluent. One important excep- 
tion to this statement, however, must be made in the case of the 
organisms Bacillus coli and B, enteritidis. The occurrence of these 
two organisms in the effluents of sewage filters has been made the 
subject of an extensive study by Houston and McGowan (1902), who 
show that in a series covering a wide range from raw sewage to com- 
pletely purified effluents the unpurified organic matter of the effluent 
is roughly pr(q)ortional to the numbers of colon bacilli, to the numbers 
of B. enteritidisy and to the numbers of organisms producing gas in 
sugar gelatin. As a practical test they have selected ,the latter group 
of organisms, whose approximate numbers can readily be estimated by 
the dilution method. The practical standard of purity proposed is that 
the effluent shall not contain over ten of these gas-producing organ- 
isms per cubic centimeter. In the extensive comparison made this 
standard in every case served to distinguish between the satisfactory 
and unsatisfactory effluents. 

. Another important line of work has been indicated by Clark and 
Gage (1905). These investigators have found that a large percentage 
of the total nimiber of organisms passing through a sewage filter con- 
sists of a relatively small number of species. These species are care- 
fully counted on the gelatin plate, and a number of each kind fished 
for furt:her study. In this study the ability of each organism to liquefy 
gelatin, ammonify peptone, oxidize ammonia to nitrites and nitrates, 
and to reduce nitrates to nitrites, ammonia, and free nitrogen is deter- 
mined quantitatively. The quantitative power of any organism to pro- 
duce ammonia from peptone times the number of organisms of that 
kind present in a cubic centimeter of the effluent is the ammonifying 
power of that organism in the effluent. The sum of the ammonifying 
powers of all the organisms present constitutes the ammonifying coeffi- 
cient of the effluent. Similar coefficients are determined for each of 
the other functions mentioned. It is too early to venture an opinion 
upon ^his work. Since, however, we are dealing with life processes, it 
would seem that the proper method of determining the properties of 
an effluent would be a study of the life within the effluent and the 
chemical changes which the living organisms arc capable of producing^ 
or what the authors aptly term tV\e ** \>\oc\vi!Tcv\sVc>j '' ^^V 'O^vt v^'^^\^'s^^., 
Mere quantitative counts oi the oTgaT\\&TO?^mV\\^ v^^v^^^"^'^^^"^^^ "^ 
sfgniScance except in those effluents *\t\ vj\\\c\v a V\^ Cwvl^xv^v^ ^>^ \<^ 
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is expected. In such cases the number of organisms present serves as 
a valuable index of the amount of organic matter in the water. 

Other Proposed Tests 

Many other tests of minor importance have been proposed for the 
rapid determination of the character of the effluent. Such tests for 
the most part lack the merit of being based upon any scientific princi- 
ple, and are, as a rule, only used for the guidance of the workmen in 
the control of the filter plant. 

At Leeds, England (Harding, 1902), the effluents are passed through 
small basins in which fish are kept. The fact that fish are thus able 
to live is taken as evidence that the effluent is satisfactory. Obviously 
the ability of fish to live in an effluent signifies merely that there is 
an abundant supply of oxygen and an absence of any great amount of 
turbidity, facts which could be equally well shown by very simple tests. 

In these same basins certain microscopic animals and plants are 
often found, and upon the character of such growths Walker (1902) 
has based an interesting biological test for the quality of the effluent. 
For example, he found that the best effluents, such as those from 
double contact systems high in nitrates, support a copious growth of 
the ChlorophycecBy notably Stigeoclonium and Microspira, while Oscilla- 
ria and other Cyanophycea are generally present in small amounts or 
altogether absent. In slightly inferior effluents these blue-greens pre- 
dominate, together with infusoria and rotifers. Still poorer effluents 
were found to be characterized by the presence of Beggiatoa and the 
infusoria, Carchesium and Vorticella, 

The Derbyshire County Council recommend a ''shake test." In 
this test the effluent is vigorously shaken in a bottle for one minute. 
In a satisfactory effluent the froth should disappear within three seconds. 
The significance of this test is not apparent. 

Barwise (1904) suggests that the process of purification is accom- 
panied by the conversion of ammonium carbonate into nitrous and nitric 
acids, a change from alkaline to acid reaction. He therefore recom- 
mends the determination of the alkalinity in the raw sewage and in the 
effluent as a measure of the purification. In sewages containing much 
cellulose, however, he found the test to be unreliable on account of the 
production of acids from the cellulose. 
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Summary and Conclusion 

Summarizing briefly the most important points in the analysis of 
a sewage-filter effluent, it may be said that the determination of the 
nitrogen in all its forms is of first importance, not alone in indicating 
the extent of the purification, but as an index of the stability of the 
effluent; that the determination of the total organic carbon, or its 
roughly relative estimation by the oxygen-consumed test, ranks next 
in significance, representing material that still requires oxidation ; that 
the dissolved oxygen is of great significance both as to the condition 
of the filter and the stability of the effluent ; and that a study of the 
changes occurring during incubation serves to reenforce the analytical 
data, and is in reality the ultimate criterion upon which the interpre- 
tation of such data depends. The value of bacteriological data as 
indicative of the quality of the effluent is still an unknown quantity, 
although the writer is inclined to believe that the determination of 
specific coefficients, as described by Clark and Gage, may eventually 
become the standard against which we may check our simpler labora- 
tory methods. Such extensive studies are obviously not available in 
the routine work of the analyst for sewage works, but are of the great- 
est importance in enabling us to understand the processes with which 
we are dealing and correctly to interpret our analytical data. 

In the following specimen analysis of an effluent are included the 
important determinations which have been described in the preceding 
pages. 
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A WINTER VISIT TO SOME SEWAGE DISPOSAL PLANTS 
IN OHIO, WISCONSIN AND ILLINOIS, 



By C-E. a. Winslow, Member of the Boston Sooety of 

Civil Engineers. 



[Read before the Sanitary Section of the Society, April 5, 1005.] 

We must go west in order to learn the new things in sewage 
purification. In New England the classic Lawrence experiments 
of 1890 have firmly grounded our theory, and the mantle of 
glacial drift makes our practice easy. Beyond the range of the 
Appalachians all is changed* The character of sewages and the 
available materials for treating them are alike different. Okl 
England rather than New England furnishes comparable condi- 
tions and we find a general development of the newer British 
processes through the Mississippi Valley. Even these methods, 
however, prove not wholly suited to their new conditions. Many 
of them are ^ilures, on account of climate, on account of varying 
sewages, on account of the political conditions which make it 
difHcult to secure efficient public service in American munici- 
palities. No saying, however, is more true than that ** We learn 
by making mistakes." They are learning a great deal in Ohio 
and Wisconsin and Illinois about the rapid methods of sewage 
purification. Columbus is doing for such processes what Law- 
rence did for sand filtration fifteen years ago. The whole region 
is an inspiring one for the sanitarian to visit. 

In a short trip through the Middle West during January of the 
present year I had the opportunity of seeing some dozen sewage 
purification plants of various types under the most unfavorable 
conditions of practical operation, and I have been asked to tell 
you what I saw, in the hope that even such a fragmentary report 
may help us to estimate the success of the newer processes of 
sewage treatment in this country and their promise for the future. 

From the admirable report by R. W. Pratt on Ohio sewage 
plants in 1903 it appears that there were then eleven sand filter 
plants in the state of Ohio, with which no sort of preliminary 
treatment was used. One was a subsurface system ; one was 
wholly, and two were partly, given up to broad irrigation. All but 
three were small plants serving institutions, and the total popu- 
lation connected with the eleven plants was otiV^ *I\^^^, C^^ns. ^V 
the best of these intermittent filters \s VW\ ^X X\\^ OV\q ^"^^"^^ 
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Refoanatocy at Mansfield, O. (Ptatt, 1905). The sewage tem a 
population of six or seven hundred pecsons, amounting tn tSO 000 
to 70 000 gaJ. per day, is discharged on seven small beds with a 
total area of l.I acres. The beiis are built of fdable sandsto ne 
taken from a cliff near by and crushed by the pnaonos. The 
effluent is said by the engineer of the State Board of Health to 
be of good quality, but considerable trouble has been experi- 
enced in keeping the beds clear in winter. They were originaily 
plowed with deep furrows 1.5 ft. high, and 4 ft. apart, but this 
worked badly, as the available area was unduly decreased and 
the beds froze. At the time of my visit small furrows 6 in. high 
were giving poor results, the beds being half frozen and cov- 
ered with slush. Probably a judicious mean might prove more 
favorable. 

The only other intermittent filtration plant I saw in the West 
illustrated the difficulties which attend this process where ample 
areas of sand cannot be obtained. Oberiin, O. (Pratt, 1905), is 
a village of 5 000 inhabitants lying ^30 miles west of the city of 
Cleveland and 10 miles from the shore of Lake Erie. The first 
sewers were constructed in 1892 and two years later a field in the 
outskirts of the town was laid out for sewage disposaL Six acres 
of fine sandy loam were available to receive gravity flow, of which 
three acres ind at half were underdrained for intermittent filtra- 
tion and an acre and three-quarters merely ditched for broad 
irrigation. Two settling basins, 3 ft. deep and 10 ft. by 30 ft. in 
area, were constructed by excavating pits and boarding up the 
sides, and from these the sewage overflowed through distributing 
ditches on the beds. Sludge from the pits was pumped out and 
dumped near by ; it amounted" to some 4 per cent, of the sewage 
treated. For some years the plant worked well whUe the avera^ 
aow of sewage rcuuiined ])€low 100 000 gal. per day. Since 
1902, however, it has rapidly increased, to some 250 000 gallons 
at the present time, and the l)eds have become heavily overtaxed. 
In order to prevent serious pollution of the creek below, the 
system has been converted into a sort of chemical precipitation 
plant by a process prol^bly unit^ue in the history of sewage purifi- 
cation. During the wanucr iiiue ii»onths of the year chemicals 
are discharged into ilic uiain ^,L■wcr ot the town, about 125 lb. of 
ferrous sulphate and ir>() II,. oi liuu: in ih^ form of hydrate by 
automatic device. Uk ai.d uhpcuively ;u ihc upper end and 'the 
middle of the sybicm ^c .luncnluiii^u lakes place in the pits 
and on the bed. whif .rally dog^.a and a considerable 
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nuisance is created. At the time of my visit in January no chemi- 
cals were being used and the sewage was simply standing on the 
beds and overflowing into the creek, turning the whole area into a 
noxious swamp. 

The reason for the failure of this Oberlin plant is, of course, the 
absence of a sufficient area of land really suitable for intermittent 
filtration. In this respect it is fairly typical of general conditions 
throughout the Middle West. Sand treatment alone is inade- 
quate over most of this great region ; and it has been necessary 
to seek some preliminary process which should make possible 
filtration at more rapid rates. As in England, chemical treatment 
first suggested itself for this purpose and a number of plants have 
been installed, somewhat less crude than the one just described. 
Glenville, O., has chemical treatment preparatory to passage 
through the contact bed, and at Alliance, O. (9 500 population), 
and Canton, O. (32 000 population), chemical precipitation is 
the only method used. Both the latter plants are said to be well 
operated and to yield fairly satisfactory results (Pratt, 1905). 

As in other localities, however, the disadvantages pf the chemi- 
cal treatment have been made manifest. Poor efHuents, offensive 
sludge and costly operation prove almost inseperable from this 
method. It was natural, therefore, that engineers should turn 
their attention to some better method for removing suspended 
solids. It soon appeared that such a method could be developed 
by the regulation of the anaerobic ripening process which goes on 
in every cesspool. Such a preliminary ripening liquefies a con- 
siderable portion of the solid material in sewage. According to 
its advocates it does the work of chemical precipitation without 
the cost of chemicals and with a diminution of objectionable 
sludge. As championed by Donald Cameron of Exeter, who 
gave it the picturesque name of the "septic tank," this anaerobic 
process seemed most promising; and nowhere has it been more 
cordially received than in the Middle West. Indeed, there may 
almost be said to be a cult of the septic tank in Illinois and Wis- 
consin. Even in small towns where no system of sewage purifica- 
tion is really essential the p>ossession of a septic tank is a matter 
of municipal pride; in some half dozen towns this is the only 
method of treatment, the clarified effluent being discharged into 
the nearest body of water without any attempt at nitrification. 

I saw one such system at Highland Park, a lake shore suburb 
of Chicago with a population of about 4 000. Two-thirds of the 
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practically abandonedand the whole available area was used as a 
single tank. 

At Lake Forest with a tank 35 ft. by 20 ft. in area and 8 ft. 
deep, and a capacity of 50 000 gal., this method of operation 
gave a period of about four hours. One-third of the tank back 
of the first baffles was covered with a very heavy layer of frozen 
scum while the rest of the tank showed only half an inch of light 
scum. The effluent from the tank which runs over an aerating 
weir into a dosing chamber of 7 000 gal. capacity, appeared 
to be a good septic sewage, dark colored and with only very 
fine suspended particles. The tank has never been cleaned 

m 

out. 

Pne important feature of the western sewage plants is the gen^ 
etal attempt to introduce automatic devices for regulating flow 
and for dosing filter beds. The danger from the failure of sucH 
devices v^y of course, always considerable and they absolutely re- 
quire periodic expert supervision ; but by and large I am inclined 
to think even a fair automatic device will prove as reliable as the 
average city employee. The apparatus used at Lake Forest for 
dosing the sand filters is an extremely ingenious one. A float in 
the dosing chambers lifts a cannon ball in one of a set of hollow 
wooden columns arranged in series, and at a certain height the 
ball rolls through a trough from one column to the next, in its 
passage striking a catch which opens an air valve attached to one 
of ten bell syphons in the dosing chamber. Each syphon dis- 
charges on one of the ten sand filters which may thus be dosed in 
rotation. At the time of my visit the automatic device had been 
purposely thrown out of gear so that the sewage Was flowing con- 
tinuously upon one bed, perhaps with the idea of preventing the 
surface from freezing. 

The sand filters are each 3 200 sq. ft. in area, the total area 
being three-fourths of an acre, and the rate is therefore now 
over 400 000 gal. per acre per day. The filtering material, thq 
natural beach sand of Lake Michigan, is quite fine, 85 per cent, 
passing a sieve with 40 meshes to the inch, and 42 per cent, pass- 
ing a sieve with 60 meshes to the inch. The distributing car- 
riers used here and elsewhere by Messrs. Alvord and Shields 
struck me as admirable, — for small beds superior, perhaps, to 
those which are more common in the East. They are straight or 
branched troughs made of two upright sides of 2-in. plank, rest- 
ing on a similar bottom plank with 8-m. s(\Max^ \vo\^ ^v ^^ 
base oi the sides, spaced about 2 it. apaiX.. \aV^ ?i5\ ^\^\.t^>^- 
ting devices their operation requires su^cieiA Yitai^L Xo y^^J^ ^ 
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good gush of sewage; given this they should be perfectly 
satisfactory. 

With the dosing device deliberately thrown out of operation, as 
I have mentioned, the Lake Forest plant was not doing wholly 
satisfactory work. Sewage was standing several inches deep on 
the one bed which could receive it, and the effluent as it flowed 
off to the lake was dark colored and appeared imperfectly 
purified. 

A plant very similar to that at Lake Forest was built four years 
ago by Alvord and Shields for the town of Wauwatosa, Wis. 
(Alvord, — ). The population of the town is about 3,000, but 
there are not more than 200 connections with the sewer system, 
including a sanatorium, a pickle ^ctory and a chemical works. 
The flow is said to be about 100 000 gal. a day. The sewage 
first enters a concret septic tank sheltered as at Lake Forest 
by a brick roof. The tank is approximately 15 ft. by 50 ft. 
by 10 ft. deep, with a capacity of 40 000 gal. It was originally 
provided with three longitudinal partitions, but the sewage is now 
run straight through, giving a storage period of 10 hr. At the 
time of my visit the first tenth of the tank behind the first 
baffle bore 6 in. to 8 in. of very heavy scum, and a consider- 
able accumulation of sediment could be felt at the bottom. The 
town engineer informed me that the tank must be cleaned out 
twice a year, a quantity of combined scum and sludge equal to 
half its capacity being removed by dipping out with pails and 
by the use of a small rotary pump. The effluent appeared like 
a good septic sewage, dark gray in color and with no large 
particles. 

The septic effluent should pass to a dosing chamber in a sepa- 
rate small brick structure where it may be discharged on sand 
beds by the same device in use at Lake Forest. (Fig. 3.) The 
beds are 6 in number* SO ft. by 60 ft., with a combined area of 
one-fourth acre, thus giving a rate of 400 000 gal. The sand 
used is coarse and the results obtained are said to be excellent. 
In cold weather, however, it is the practice of the authorities to 
discbarge the septic effluent directly into Menominee Creek with- 
out fihiation* This has not been compelled by any failure of the 
plant* but is dc»cie to av^ the expense of caring for the soifsce 
o£ tibte beds during a season when the septic tank effluent will not 
pcocbce a serioos nuisance in the river below. Like the use of 
stoma ovetfiows svich a custom does not coounend itself to tlie 
sanJtvnan; biat boaa the standpotnt of the ctigr ei^fiiiecr it may 
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In the same town is a larger plant of almost exactly similar 
construction (Shields, 1904), which shows what good results can 
be obtained by c^u^&il and efficient operation. The Wauwatosa 
County Institutions form a group of five buildings, including two 
insane hospitals, an almshouse, a county hospital and a home for 
dependent children. The total population is about 3 500 and 
the water consumption, 400 000 gal. per day. A chemical pre- 
cipitation system was put in in 1888, the dosing house and coagu<> 
lating basin still remaining as its monument. Then a septic tank 
alone was installed; but it proved unsatisfactory, and about a 
year ago Mr. Shields built a new septic tank and filter beds. 
It is planned to use the old tank as a part of the septic systemi 
in the future, but at the time of my visit the sewage was flowing 
only through the newer one. This is 85 ft. long, 20 ft. wide 
and 8 ft. deep with a central longitudinal partition and 3 con^ 
Crete bafHes. The first two compartments, making up about a 
third of the tank, bore a thick frozen scum raised by gas pressure 
6 in. above the surface of the liquid. At the outlet as it ran 
off over an aerating weir, the effluent appeared a strong septic 
sewage still containing a fair amount of suspended matter. The 
storage period under present conditions appears to be 6 hr. 
With the addition of the old septic tank, 8 ft. by 17 ft. by 
54 ft., it would be increased to 9 hr. Both tanks are of concrete, 
housed under low brick buildings with gabled roofs. 

From the septic tank the sewage flows through an inverted 
siphon to the filter beds which are located on the further side of 
a small stream. The beds are eight in number, arranged in two 
rows with a controlling house in the centre. (Fig. 2.) The four 
comer beds are each 50 ft. by 110 ft., while the four centre beds 
are 57.3 ft. by 55 ft., being shortened to provide room for the 
distribution system. The latter is of the general pattern de- 
scribed above, including a dosing chamber discharged by any one 
of eight 15-in syphons, each connected with one bed. The rota- 
tion of the beds is controlled automatically by a cannon ball 
device quite similar to that used at Lake Forest. 

The filter beds are built up of 12 in. of coarse gravel, 12 in. 
of fine gravel and 12 in. of coarse sand, and are underdrained by 
four lines of 4-in. pipe. The carriers are of the usual type, two 
straight troughs in each bed with 3-in. square holes about 2 ft. 
apart. 

The plant is carefully supervised by the superintendent of the 
institution, and was working in admirable shape when I 
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saw it. The siphons flush perhaps once every 35 min. in the 
morning, every 45 roin. in the afternoon, and once an hour at 
night, so that each bed is dosed once in from 4 to 8 hrs. The 
total area is about 1 acre for the 400 000 gai. treated. 

In spite of severe weather in January the dose disappeared in 
twenty minutes after its application ; but at intervals it is neces- 
sary to rest a bed for a few days by putting into the cannon ball 
regulator a chute which shall shut out one of the dosing siphons. 
The effluent from the plant as I saw it floating into the Me^ 
nominee Creek was clear and well purified. 

It is only rarely that such plants as those at Wauwatosa can 
be installed in the West, for the use of larger communities, 
since, even after preliminary septic treatment, the requisite sand 
area is generally unobtainable. Hence, the newer English types 
of filters have been frequently adopted; and we find the septic 
tank and contact filter the most popular of all combinations 
through Ohio and Iowa. A dozen systems of this type are in-* 
stalled in these states, with an aggregate contributing population 
of 60 000. Mansfield, O. (20 000), MarshaUtown, la. (11 000), 
Delaware, O., and Kenton, O. (each 8 000), are the largest cities 
in this class. 

The disposal system at Mansfield (Pratt, 1905), built by Snow 
and Barbour, three years ago, is one of the most perfect of 
this type as well as the largest. The town is a thriving farming 
and manufacturing centre with a population of 20 000. About 
half the inhabitants contribute sewage, the total amounting to 
1 000 000 gal. per day. The purification works, about three- 
fourths mile from the centre of the city, and with dwellings not 
an eighth of a mile away, is as neat as a pin, from its well-kept 
driveways and embankments to the spotless engine room with a 
row of potted plants in the window. The sewage flows by gravity 
to a sludge well from which it is raised by two 7-in. centrifugal 
pumps to the septic tanks. Both tanks and sludge well are venti- 
lated by connection with the stack from a Dixon crematory in 
the pumping station which handles the city garbage, amounting to 
15 to 20 tons a day. 

The septic tank is an arched concrete chamber covered by 
an artificial mound, its presence being indicated only by the 
manhole covers. It is built in four compartments, each 50 ft^ 
by 100 ft. and 7 ft. deep with a total capacity for the four of 
1 000 000 gal. The sewage flows now through all in parallel, 
the period of septic action being x>wwiVj-ioMi Y^ovvr^, \\x >^ti, 
three years of their operation lYiese xaxiVs >aaN^ ti^n^\ \iwa. 
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cleaned, and the superintendent informed me .that not more 
than 1 in. of sediment and 2*in. of light scum have ever formed. 
Comparison with some of the tanks descsibed above suggest 
that perhaps the longer period of septic action has had ^ome 
share in these excellent results. 

From the septic tanks the sewage flows over a series of aerating 
steps (Fig. 4), and thence to the regulator house situated in the 
center of a circular group of five contact beds. The automatic 
dosing. device consists of two concentric iron cyhnders about 2 ft. 
in diameter, the outer one stationary and pierced by five ports, 
one for each bed, the inner one revolving so as to bring. its single 
influent port successively opposite each of these five points of: 
discharge. A float, regulated by the height of sewage in which-» 
ever bed is filling, at a certain height starts the inner cylinder, 
closes the outlet from the bed next to be filled and opens the 
outlet of the bed which has stood full since the last revolution.) 
Each of the beds has an area of one-fourth acre and is filled with* 
one-eighth in. to one-half in. cinders to a depth of 5 ft. The 
period of contact is about 4^ hr. and the rate of treatment 
800 000 gal. per acre per day. 

At the time of my visit the beds had been out of use for two 
or three days during the process of cleaning but part of. the low 
level sewer system, as it was feared the silt might damage them^ 
The septic effluent was going straight to the nearby stream. I 
was informed by the superintendent that this had occurred only 
once, or twice before during the operation of the plant. The sur-.- 
face of the beds seemed in admirable condition and the effluent 
of the plant, according to the analysis published by Pratt (1905), 
is generally excellent. r 

I was somewhat unfortunate in my experience with contact 
beds during my trip. Of five plants of this type, that at Mans- 
field was temporarily out of operation on account of what seem 
to me quite legitimate reasons. In two others the automatic dos- 
ing devices were so frozen up that the beds were not being dosed 
at all ; and a fourth had been entirely abandoned as a nuisance. 
Only one, that at East Cleveland (Pratt, 1905), was running 
properly ; and this plant is of so peculiar a type that it can hardly 
be said to operate on the contact plan at all. The flow thrpugh 
three successive rows of slag beds is continuous for a period of 
several days, air being supplied by forced aeration on the Waring 
plan ; but perhaps this plant may be eoti?k\de.x^d nXxjiOx^v x^^-aA^ 
allied to the contact bed than to any olYvei sy^V^m* 

East Cleveland is a town of 6 000c m\\a\A\aLXi\s \Y^^\% '^^^'^ "^^ 
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dioffc of Lake Erie, just CKl of die dtjT of Qevcbnd. The laager 
part of this pqpnfaitioD cootrilmtes sewage, die total anooBtrng to 
some 400 000 gaL It b said that dits amount is trebfied bf leak- 
age and smfKe dcainage at certain times of jtar. At the dis-> 
posal aiea the sewage flows first to an open leceinngwcfi where a 
coosidezabie amo«mt of si^d matter setdcs oat, die accmmilated 
sludge being pamped oat twice a week, mixed with lime and 
damped on land near b^. The sapematant sewage is pomped 
from the weQ to a septic tank, 87 ft. b^ 24 ft. and 11 ft deep, 
covered b^ a wooden pitched rool The period of septkr actkm 
is 10 hr. or less. Ftatt (1905) states that after a year's opeiatiofi 
aboat a loot of slodge was taken from this tank. At the time 
of my visit a heavy cheesy scam, 6 in. in thickness, covered the 
whole tank and the effluent was markedly tarbid. It oiay be that 
the period of septic action is too short or that the storm water 
brings in material not easy to handle; bat certainly ths tank 
seems mach less saccesshil than others. No problem in sewage 
disposal is more puzzling than the question why one septic tank 
succeeds and another fails. Mr. Alvord (1:902) strong main:- 
tains that tanks which are too large as well as tanks which are toa 
small tend to fill up, and considers 4 to 8 hr. a proper fesnenta- 
tion period. Shields (1904), on the other hand, recommends 
that septic tanks should have a capacity of not less than three- 
fourths (^ the daily flow. 

Certain English experiments seem to indicate that a variation 
from 12 to 48 hr. makes littie difference. It is a priori difficult 
to understand why long periods of septic action should increase 
sludge deposits. If flow is so rapid that solid particles have not 
time to setUe out or if accumulation of sludge goes on faster 
than its dissolution, bad results may follow. But witii slow^ fiows 
the processes of liquefaction should have the best chance to 
do their maximum work, and sludge ought not to accumulate; 
although here the possilulity must be recognized of septic changes 
in the sewage itself which may be inimical to bacterial action m 
later processes. 

From the septic tank the sewage at East Cleveland fiows 
through three sets of beds filled with 2.5 ft. of coarse ^lag, of 
egg-coal size, passing downward through the first, upward 
through the second and' downward through the third. Air 
is forced into the spaces under each bed by aerators shown in 
the Sgure. (Fig. 5.) With the aid of this aeration it was hoped 
that some oi the organic matter eou\&\>« iiixs&<^ veA ^^ ^ts^ 
Mtiaincd out by the slag and finaU^ Q«ai^«& \srf ^^Siatm^ ^^Bii 
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beds to stand empty for a period at frequent intervals. At 
present each filter is run for three days and then rested for the 
same period. The plant is said to give good results in summer, 
but at the time of my visit it was noticeably offensive in odor, 
and the effluent was turbid and imperfectly purified. The use 
of forced aeration seems a doubtful expedient in sewage puri- 
fication when one considers the large amount of oxygen con- 
sumed by sewage in a trickling filter, for example, and the 
impossibility of supplying such an amount by any practicable 
mechanical system. The use of the beds for continuous three- 
day periods also seems unwise. The total filter area of half an 
acre, if laid out in contact beds somewhat deeper than those 
now in use and operated in the usual manner, should be able 
easily to handle the flow of 400 000 gal. daily. 

A short distance north of the East Cleveland plant a smaller 
contact system is installed at the Lake Shore & Michigan 
Southern Railroad Car Shops in the thickly settled portion of 
the village of Collinwood (Pratt, 1905). The sewage of 500 
operatives flows to a pump well from which it is automatically 
raised at intervals by a pump driven by compressed air and 
discharged into two septic tanks, each 21 ft. by 10 ft. by 9 ft. 
deep, with a capacity of 25 000 gal. When the sewage in the 
septic tanks reaches a height of 8 ft. they are supposed auto- 
matically to discharge the upper 2.5 ft. into four contact 
beds, concrete basins, each 15 ft. by 29 ft., filled with 5 ft. of 
2-in. limestone. On filling, the beds discharge through siphons. 
The' plant is a neat and compact structure with brick walls 
and plank covering and is supposed to operate entirely with- 
out supervision. At the time of my visit all the automatic 
devices were frozen, the pump was not working, the septic 
tank contained a thin but foul stagnant liquor and the sewage 
was apparently flowing off through a by-pass. Such must in- 
fallibly prove the fate of automatic devices if their automa- 
ticity is construed literally and they are left entirely without 
supervision. 

The fourth contact filter which I visited was at Glencoe, 111., 
a suburb of Chicago lying on the northern lake shore between 
Highland Park and Evanston. It has a population of 1 500, 
about two-thirds contributing sewage to the system. The 
Cameron Septic Tank Co. installed a plant some three years 
ago consisting of a septic tank and double coii\.3LcX\i^^^« \2j!«j^ 
that at Lake Forest it is located on the shoie ol >^e \a5«J^ ^^^ 
hidden from the town by a high blufi, but m gexiet^X ^.^^e^xax^c.^ 
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the plant is sufficiently attractive to be displayed rather than 
hidden. It consists of a covered concrete tank some 80. ft. long 
and 10 ft. wide, a set of four primary contact beds with a 
combined area of about 1 200 sq. ft. and a similar battery of 
secondary contact beds at a level about 4 ft. lower. On the. 
lower beds are two neat brick regulator houses which contain a 
complex arrangement of floats and cranks for the automatic con- 
trol of the beds. (Fig, 6.) The material in the beds is said to 
be slag, but on the half frozen surface there seemed to be a con- 
siderable admixture of rather fine gravel and cinders. According 
to the City Clerk, the plant worked well for a time, but gradu- 
ally became a nuisance to the neighborhood, being offensive alK 
through 1904. Last fall the beds became so clogged as to over- 
flow continuously and the plant was abandoned, the sewage being 
discharged directly into the lake. 

I am inclined to think that the conditions in these last two 
plants are due to difficulties inherent in the contact system of 
sewage purification as applied to small plants. The process i^ 
a complex one involving successive aerobic and anaerobic fer-. 
mentations which must be delicately adjusted. With the lack 
of supervision which is almost inevitable in a small disposal 
system, automatic devices will fail and filters will be throwii, 
out of operation or overdosed so as to cause clogging. The 
slow sand filter and the trickling filter, being simpler in theory 
and easier of regulation in practice, are much better fitted for 
installations liable to be left to themselves for days and weeks 
at a time. 

A plant with a sufficient excess of capacity may, of course, give 
fair: results even when neglected ; and a good example of this is 
furnished by the system at Westerville, O. This village, a few, 
miles northwest of Columbus, has 1 500 inhabitants, but not 
more than 100 persons are connected. The daily flow is from 
20 000 to 25 000 gal. and includes the waste from a creamery, 
which introduces a large amount of refractory organic matter 
from the washings of the cans. The sewage first flows through a 
pair of septic tanks, each 8 ft. by 26 ft. in area and 8 ft. desep, 
with a combined capacity of about one day's flow. The tanks 
are of concrete, covered with planking, and appear to do good 
work, the sewage as it enters being strong and turbid, the effluent 
clear and free from suspended matters. On leaving the tank the 
effiaent passes through an aerating chamber in which it flows 
over three iron discs of success\ve\y mcita"5\vi%. m^^ >^^ Vyw^sx 
being 2 ft.. 6 in. in. dianaetet. It Vs ^«e^ ^^^^^ VJsawj^ 
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six primary contact beds, each with an effective area of 0.021 acre, 
containing 3 ft. of screened cinders, one-eighth in. to 1 in. in 
diameter, and finally through two secondary filters, each 13 ft. sq. at 
the bottom and 31 ft. sq. at the top, containing 6 ft. of cinders. 
(Fig. 7.) The primary beds are dosed by two. devices, each of 
which consists of a perforated bowl resting ball-anchsocket fashion 
in an upright infiuent pipe and overflowing through three trough- 
like arms to the various beds. At the time of my visit the de- 
vices were out of order and the sewage was trickling continu- 
ously on four of the beds, forming a pool on the surface 6 ft. in 
diameter which an abundant growth of Leptomitus shows to be 
fairly permanent. Pratt (1905) in his description of these beds 
notes the same conditions. The primary beds should be dis- 
charged on the secondary beds by siphons, each one operated by 
the height of sewage in the adjoining bed. These devices, too, 
were inoperative and sewage was steadily dribbling on, so that 
both sets of beds were working like trickling filters, but, of course, 
with the most incomplete sort of distribution. The pools on the 
upper filters were somewhat offensive and the odor of the plant 
was noticeable several hundred feet away. The effluent standing 
on the secondary beds was much less disagreeable and the final 
effluent below the plant, clear and odorless. With such a low 
rate of filtration (200 000 gal. per acre per day on each set of 
beds), even this neglected system was yielding fair results. 

In actual operation the Westerville plant was acting like an 
imperfect sort of trickling filter ; but there are bona fide systems 
of this type in the Western States which are of very special in- 
terest. The largest trickling filter, I believe, is the one which 
handles the sewage of the 20 000 people of Madison. I did not 
see this, but I found a smaller plant installed at the car-shops 
of the Allis-Chalmers Co. at West Allis, just out of Milwaukee. 
This plant, designed by Mr. Shields in 1902 to care for 80 000 
gal. of sewage per day from the large factory in which 3 500 men 
are employed, is located on a hillside behind the works and con- 
sists of a concrete septic tank and anaerobic filter covered with a 
gabled roof and a trickling filter under a second roof and at a 
lower level. The open septic tank is divided by a central parti- 
lion into two long tanks, each 10 ft. by 58 ft. and 7.5 ft. deep, 
the total capacity being 65 000 gal. or 18 hr. flow. Below the 
tank the sewage is aerated by fall over a weir and some steps and 
then enters the anaerobic filter, so called, wVvVcVv V^ ^\"a.oi\c^^ -a. 
second septic tank, 21 ft. by o3 il. \on^ aiid 1 5> \X.- ^^^^. 
^led with' clinker and cinders \n ^taded \a.^^^- ^"^^^ 
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flowing upward through this tank the sewage passes to three 
3 ft. by 5 ft. siphon chambers which discharge it on the trickling 
filter below. This filter is practically a pile of cinders and 
clinker, varying from 0.25 in. to 0.75 in. in diameter, held together 
by larger clinker^ on the outside, piled with a slight batter. The 
height of the ^eap is 7.5 ft to 8 ft., its superficial area, 30 ft. by 
54 ft., and the concrete floor upon which it rests is 40 ft. by 60 ft. 
Considerable trouble has been experienced from disintegration of 
the clinkeis. In winter, as I saw it, the sides of the filter were 
closed in by plank walls ; but in warm weather the whole is open. 
(Fig. 8.) The distribution system is very simple, consisting of 
three 12in. plank troughs with 4-in. lateral troughs in the 
bottom of which 0.25-in. slits are cut at a distance of 8 in. 
apart. Each siphon discharge floods one main trough with its 
laterals, and the distribution as I saw it appeared satisfactory. 

The general design of this plant seems admirable, the only 
part of it to which I should take serious exception being the 
anaerobic filter. According to the designer (Shields, 1904) its 
object is "to produce conditions under which the facultative 
bacteria can do their work and prepare the efHuent for more 
rapid nitrification in the aerobic filter.'' An action of this sort is 
very hypothetical. We have little proof that septic action favors 
subsequent nitrification aside from the removal of suspended 
solids and some evidence that if prolonged it may seriously hinder 
it. Furthermore, filling up a septic tank with stone makes the' 
difficulty of cleaning so serious that the extra straining capacity 
is dearly bought. 

Mr. Shields states that the actual flow of sewage at the plant 
has been much greater than that for which it was designed, reach- 
ing a rate of over 300 000 gal. per 24 hr. for 12 hr. of the day. 
No trouble has been experienced from freezing, and the trickling 
filter has been operated at a rate of over 3 000 000 gal. per acre 
per day, yielding a bright and odorless efHuent. It appeared evi- 
dent, however, on my visit that the applied sewage is of unusual 
character, being mainly clear wash water from boilers and manu- 
facturing processes with fragments of fecal matter floating in it 
only here and there. Furthermore, its temperature is raised by 
the spent steam to 70° and over at times. In the trickling filter 
house the air was wet and steamy, but without any of the offen- 
sive odor of ordinary sewage. 

For results of general significance on the applicability of trick- 
Iwg niters we must turn to ttie CoVwrnb^^ e5K^w«t\^xi\&, ^^ 
are all /amiliar with the inceptiiOTi oi v\v^^ ^^^'^ \\ss:^t^a»x 
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investigations. In the fall of 1903 the city appropriated $1 200 000 
for the improvement of its sewerage system and the purification 
of it§ sewage, and the authorities were sufficiently farsighted 
to devote |46 000 of the money to a preliminary study of the 
methods of disposal best suited to the local conditions. An 
admirable experiment station was designed and a corps of four- 
teen experts under the direction of Messrs. Hering and Fuller 
began work Aug. 16, 1904. It includes a laboratory, one set of 
open tanks for preliminaiy treatment and three sets of filters, 
with a gallery under a frame covering, for each set. (Fig. 10.) 
The sewage, amounting to some 350 000 gal. per day, is raised 
by a centrifugal pump to a screen chamber in which it passes 
through two movable screens of three-eighths-in. diagonal wire 
mesh. Next it passes to one of the tanks for preliminary 
treatment. These are seven in number, each 40 ft. by 8 ft. and 
8 ft. deep at the upper end and 9 ft. deep at the lower end, 
built of wood lined with galvanized iron. The first two tanks are 
called grit chambers, the sewage flowing through in about 1.5 
hr., and these tanks are used as a preliminary to all the other 
processes. The other five tanks are either "plain sedimentation" 
or septic tanks, in which the sewage remains 8 hr. or more, the 
difference being that the former are emptied and cleaned when- 
ever septic action begins, while the latter have not so far been 
cleaned. In the septic tanks periods of 8, 16 and 24 hr. are 
under comparison. 

The sewage after treatment by one of these three preliminary 
J)rocesses (grit chamber, plain sedimentation basin or septic 
tank) is finally purified by treatment in one or more of thirty- 
five experimental filters. These are cypress tanks 6 ft. deep; 
one is 10 ft. in diameter, four 12 ft. 10.75 in. in diameter and 
thirty 7.5 ft. in diameter. They are all open filters and ar- 
ranged for the most part in two blocks of two rows each with 
a covered dosing and sampling gallery between the rows, in 
which all the engineering details of operation are regulated 
with the greatest accuracy. Twenty-one are intermittent sand 
filters, 2 primary and 4 secondary contact beds of broken lime- 
stone, 2 coke strainers and 5 trickling filters. With this splen- 
did plant the widest possible series of combinations can be 
tried, including sand filters, trickling filters and contact beds 
alone, either of these preceded by plain sedimentation or septic 
treatment and sand filters preceded by coTi\2LC.\. ox \.\\0«X\!cs% 
Alters. 
One of the most striking points aboul X\a^ ^\a."oX '^s. >^^ 
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considerable amount of solid matter which it has been found neces- 
sary to remove. . First, the sewage is screened where it is pumped 
put from the sewer ; next it passes through two screens of three* 
eighths in. mesh in the screen chamber ; next it settles for an 
hour and a half in the grit chambers. All the sewage without 
exception is purified to. this extent before its regular treatment 
begins. I was told that in the. sedimentation tanks 2.5 tons of 
sludge collected per million gallons of sewage treated, while in 
the septic tanks only half this amount had accumulated with no 
surface scurp. In the second place I was struck with the marked 
success of the aerobic processes. Sand filters were operating well 
at rates well above 500 000 gal.; but the thing that interested 
me most was to see the trickling filter doing good work under 
most adverse conditions. These tanks are dosed by a spray from 
an ingenious sprinkler head designed at the station, and while 
more than a foot of ice had formed round the edges of the beds 
the area within reach of the spray was kept free and in good 
condition by the warmth of the sewage. (Fig. 9.) 

The report which we may expect, from Mr. G. A. Johnson and 
his associates at the station sometime next autumn will be awaited 
with the keenest interest. If, as seems probable, it should recom- 
mend one of the newer processes of purification, treatment on 
trickling beds, for example, it will mark an epoch in American 
practice. Its greatest significance, however, will lie in the fact 
that it furnishes a standard for the procedure of other com- 
munities in the design of sewage plants. While London and 
Birmingham and Leeds and Manchester have carried out vast 
experiments upon this subject, Columbus is the first American 
municipality to make a careful study of local conditions before 
the construction of a sewage disposal system. It is to be hoped 
that in the future this may come to . be recognized as the only 
sensible and economical way to attack the question. There are 
local conditions which make the treatment of each sewage more 
or less a special problem. In small plants slight differences maiy 
be ignored ; but no large city should install a purification system 
without just such an investigation as that in which Columbus has 
taken the lead. 

Such special studies will not only throw light on purely local 
problems, but must add to our general knowledge of the un- 
derlying principles of sewage disposal. Each case has indeed 
pecaliarities of its own; but certain fundamental laws may 
be formulated which will malemW^ sVrekigJ^ XJcw^ ^j^^aJCsswk ^^ 
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the individual problem. Thus we now know that chemical pre- 
cipitation is only in exceptional cases a satisfactory process for 
preliminary treatment. There are numerous similar important 
questions still unanswered. We know that sufficient straining and 
settling to remove paper and garbage, gravel and silt, is always 
desirable. After this has been accomplished, is it generally of 
advantage to remove any portion of the suspended solids by fine 
strainers or by septic treatment, or can all the organic matter be 
oxidized without the production of putrescible sludge which more 
or less attends all anaerobic processes ? When American sewage 
is treated in the septic tank what causes the marked variation 
in the results obtained? Are periods of septic action of less than 
twelve hours desirable? For subsequent treatment, what are the 
comparative merits of the contact and the trickling filter? If the 
trickling filter be used, what is the cheapest system for securing 
adequate distribution? With intermittent filters, how rapid a rate 
can be attained under practical conditions, and by what frequency 
of dosing? These are some of the general questions which press 
for settlement and whose solution in one set of experiments will 
be of value, when corrected for local differences, in every other 
case. 

Besides the study of local conditions and the formulation of 
general principles of engineering practice, we need a third class 
of data, of a more theoretical character. The processes of sewage 
purification are chemical changes carried out, as we now believe, 
by the activity of the bacteria. Sewage treatment is undertaken 
in order to remove putrescible organic matter, and its efficiency 
must be measured by chemical tests which shall record the amount 
and condition of the carbonaceous and nitrogenous material. We 
need, therefore, more detailed studies on the methods and the 
interpretation of chemical analysis. As the end of the process is 
chemical, and its success is measured by chemical methods, so 
the agents which carry it out are the bacteria, and the conditions 
which favor or retard it must be determined by bacteriological 
investigations. Such researches in pure chemistry and bacteri- 
ology as are being carried out at Worcester by Prof. L. P. Kinni- 
cutt, at Lawrence by Messrs. H. W. Clark and S. D. Gage, and at 
Columbus by Mr. W. R. Copeland, must furnish the data which 
shall lead to the practical development of the art of sewage purifi- 
cation in the future. 

In the sewage of the South MeUopoWVaxi Tk^Xxvcx ^V ^<^^\ss^ 
there is discharged in one year 1 500 000 \l^, oi xi\Uc>5^^^ Vsx "s^^ 
form of free ammonia, and &00 000 V^, moi^ ^ ^>axw^^^^ 
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ammonia. To convert such vast amoonts of material into 
an innocnons fonn is a problem in indostrial chemistry, of 
no mean magnitude. It cannot be solved by rule of thnmb 
methods. Theoretical studies, local investigations, expert 
construction and intelligent supervision are required satisfac- 
torily to meet it. 
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ON THE PRESENT RELATIVE RESPONSIBILITY OF 

PUBLIC WATER SUPPLIES AND OTHER FACTORS 

FOR THE CAUSATION OF TYPHOID FEVER. 

BY W. T. SEDGWICK AND C- E. A. WINSLOW, PROFESSORS IN THE 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY. 

\Read November g, igos.] 

In a paper read before this Association in 1901, the rise and 
progress of water-supply sanitation in the nineteenth century was 
traced with some care. (Sedgwick, 1901.) It was then shown 
that the responsibility of public water supplies as sources of 
typhoid fever was first made conspicuous by the epidemics at 
Lausen, Switzerland, in 1872 (Hagler, 1873), and at Caterham, 
England, in 1879 (Thorne Thorne, 1880). In this country evi- 
dence of the same character was not long lacking; for in 1885 
the thriving mining town of Plymouth, Pa., suffered one of the 
most disastrous water epidemics of which we have even yet any 
record. (Taylor, 1886.) The great epidemics at Lowell and 
Lawrence in 1890-91 added new emphasis to the previous les- 
sons (Sedgwick, 1893, a) ; but nevertheless a majority of the 
largest cities of the United States have continued almost up to 
the present day to drink water more or less infected with typhoid 
fever. In the period 1898-1903, there were nineteen cities in 
the United States of over 200 000 population. Twelve of the 
nineteen were furnished with public water supplies drawn un- 
purified from polluted rivers or lakes. The typhoid death-rates 
in these cities per 100 000 population were as follows (Fuller, 
Ferguson, and Jeup, 1904) : 

Pittsburgh 122 

Washington 66 

Louisville 60 

Cleveland 51 

Philadelphia 51 

Cincinnati 45 

Minneapolis 42 
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Chicago 31 

St. LouM 81 

Bnfiak) 29 

Detroit 18 

Milwaukee 18 

For the other seven cities not having supplies drawn from grossly 
polluted sources, the corresponding rates were as follows : 

New Orleans 49 

Baltimore 35 

San Frandico 31 

BoftoD 26 

JeracyOty 22 

Newark 21 

New York 19 

There are causes other than the public water supply for the 
high typhoid death-rates in New Orleans and perhaps in Balti- 
more. Where no such factors are operative the cities with rea- 
sonably pure water supplies exhibit typhoid rates ranging from 
20 to 30 ; 25 would be a fair average figure for American cities 
of this class, llie excess over 2o deaths per 100 000 in the case 
of Pittsburg, Washington, Louisville, Philadelphia, Cincinnati, and 
Minneapolis is unquestionably the tax paid by those municipali- 
ties for their polluted water supplies. In the first five cities alone 
this needless waste amounts to 1 200 lives per annum. 

And yet great progress has been made in the right direction. 
The replacement of water derived directly from polluted streams, 
by filtered or well-stored supplies, goes on with increasing ra- 
pidity. Jersey City, for example, where the typhoid death-rate 
ranged from 52 to 94 between 1890 and 1896, in the latter year 
abandoned the Passaic River at a point where it was heavily pol- 
luted by the sewage of Paterson and Passaic, with the result that 
the rates for the four years immediately succeeding fell to 21, 36, 
15, and 21. Albany effected an equally striking reduction in its 
typhoid death-rate when a municipal filter was introduced in 
1899. (Fuller, Ferguson, and Jeup, 1904.) Of the other com- 
munities mentioned above, Washington and Louisville have in- 
stalled filtration plants within the present year. Philadelphia's sys- 
tem is partially installed, and one of the most serious indictments 
against the one-time bosses of that apparently redeemed city is 
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the charge that the delay in the completion of this sanitary 
work is responsible for 1 200 deaths from typhoid fever. 
Pittsburg and Cincinnati, too, have begun the constructioii of 
municipal filter plants, and before many more years the large 
American city which drinks the unpurified water of ^ stream, or 
of a lake with unprotected watershed, will be an exception and 
an anomaly. 

Of special interest in this connection are the statistics of the 
state of Massachusetts, where the supervision of the public water 
supplies has been more thoroughly carried out than in any other 
American commonwealth. In the period 1886-90, the typhoid 
death-rate for Boston was 39 per 100 000, and for Newton, with 
an excellent ground-water supply, was 40. The rate for all the 
cities of the state taken collectively was somewhat higher (46), 
and the two large cities of Lowell and Lawrence, using the pol- 
luted water of the Merrimack River, had each a rate of 112. As 
later events showed, two- thirds of the typhoid fever in Lowell and 
Lawrence was caused by water, and this excess, of course, ma- 
terially raised* the rate for the total urban population of the state. 

Between 1891 and 1895 the unpurified river- water supplies of 
Lowell and Lawrence were abandoned, and for the period 1896- 
1900 their rates fell to 25 and 24 respectively. In at least one 
of these communities, Lowell, the present water supply, from a 
series of driven wells, is absolutely protected from infection. In 
Newton with a rate of 20 and in Woburn with a rate of 13, the 
conditions are similar. Gloucester, Pittsfield, and North Adams, 
with rates of 16, 25, and 39 respectively, possess surface supplies 
of unexceptionable quality from uninhabited watersheds, probably 
as free from poHution as such waters can often be. 

The North Adams typhoid rate may be regarded as due to 
certain exceptional conditions. We may, however, consider the 
other five communities as typical of most of the cities of the state, 
differing only in the fact that our knowledge of the purity of their 
water supplies is more certain than in other pases. In these fiWQ 
cities we find typhoid rates of 13, 16, 20, 25, and 25. We are 
confident that these rates are not raised by pollution of the pub- 
lic water supplies and that the influence of private well water 
upon them is negligible. It therefore follows that typhoid deaths 
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ranging from 15 to 25 per 100 000 are due in these cities to 
causes other than polluted water; and it is probably fair to as- 
sume that at present in similar American communities about this 
amount of typhoid fever may be expected to occur without its 
intervention. WTien we find that the typhoid rate for the whole 
of Massachusetts in 1896-1900 was only 24, in 1901 only 19, and 
in 1902 only 22, it seems evident that in this state at least public 
water supplies are not factors of paramount importance. Eternal 
vigilance is, of course, the only price of freedom from water-borne 
typhoid. Particularly in the case of unfiltered sur^ce supplies, 
such as are common in New England, danger must always be 
recognized as possible. The 450 cases of typhoid fever at New 
Haven in 1901 (Smith, 1902) were caused by temporary pollu- 
tion on a watershed quite as good as that of many a supply in 
Massachusetts. So great is the danger of such a mishap that as 
the country becomes more densely populated it must eventually 
be recognized that no surface water is safe for drinking without 
purification. Even with filtered supplies only careful and con- 
stant supervision will insure safety. Witness the 1 270 cases of 
typhoid fever at Butler, Pa., in 1903, due to almost criminal care- 
lessness in the operation of the filter plant of the lopal water 
company. (Soper, 1903.) The responsibility which rests upon 
water-works officials still remains, and must always remain, heavy ; 
but, broadly speaking, when this responsibility is well discharged, 
we may say with confidence, in the light of the expert knowledge 
at our disposal, that public water supplies play an insignificant 
part in the causation of typhoid fever in New England. 

It must also be remembered that our requirements as to the 
purity of our supplies have all along been steadily rising and that 
a £ar higher degree of purity is today demanded, and rightly 
demanded, in water supplies than was formerly expected or pos- 
sible. The extraordinary demonstration furnished by the experi- 
ence of the city of Lawrence with filtered water, in which it has 
been shown by Mr. Hiram F. Mills and by Hazen (Hazen, 1905) 
that the general death-rate has been reduced much more than 
the typhoid death-rate, can only mean that the germs of other 
common diseases besides typhoid fever are carried by water, 
unless, indeed, it turns out in the future, as is possible, that the 
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vital resistance of the people using the water has been increased, 
as the purity of the water has risen. Either alternative is ex- 
tremely suggestive for water- works officials, and opens out invit- 
ing fields for investigation and research. 

With the progress of sanitary reform the relative responsibility 
of water for typhoid fever necessarily decreases. As recently as 
1902, Mr. M. N. Baker wrote, " Not only is typhoid one of the 
leading causes of death in America, but the greater part of it is 
conveyed, directly or indirectly, through water." (Baker, 1902.) 
This is still true in Philadelphia and Pittsburg, but it is not true 
to day, as we have seen, in Massachusetts. Meanwhile, year by 
year the relative importance of what we may call the residual 
typhoid becomes greater. It is increasingly necessary that the 
attention of sanitarians should be directed to that tax of 15 to 
25 deaths (which means 150-250 cases) per 100 000 population, 
which typhoid fever still levies on communities provided with 
ever so pure a water supply. To what shall we attribute this 
residuum of the disease, so constantly present in most American 
cities? 

In attacking this problem, which concerns not only the epi- 
demiologist but also the practical waterworks official who desires 
to know just how far the water supply under his care may justly 
come under suspicion, we must begin by remembering that the 
extension of an infectious disease is the spread of a microscopic 
parasite ; and that this follows much the same course as the dis- 
tribution of any higher plant. Wheal comes from the ear and 
eventually finds its way to a favorable soil where it may sprout. 
So the seed of typhoid infection originates in the body of the 
typhoid patient and germinates in the intestinal canal of a sus- 
ceptible victim. The intermediate steps in the history of the 
wheat may be various. The wind, or a bird, the hairy coat of an 
animal, or the hand of man, may carry the grain from the place 
of its origin to the new soil where it sprouts and multiplies. 
Equally diverse may be the paths by which the typhoid germ is 
propagated from person to person. Air, earth, water, milk, fruit, 
flies, soiled clothing, human beings, may intervene ; or the trans- 
fer may be so direct as to require no intermediary save the two 
individuals chiefly concerned. 



6^ iKE CAUSATICW C»^ TITHCHD FEVER. 

Tbe moie we study ^le pievaleDoe of tyjA oi d fever, tiie mare 
it becomes evident that its spread goes on in two ways. The 
first is that in which infection is distributed by a single common 
medium to a large number of persons at one time. This is char- 
aciemed by the sickening simuhaneonslfy or at least within a 
period of a fortnight, of a number of persons who have, perhaps, 
paitaken of some common article of food. Such an explosive 
outbreak is what the public generally means by an ^ndemic 
Sometimes, on the other hand, we fiixl an undue prevaknce of 
typhoid fever without such coincidence in time and, therefore, 
of exciting cause. An excesnve number of cases of the disease 
occur which caniK>t be coimected by any common epidemiological 
bond, but follow each other in a slow succession of scattered or 
sporadic cases, or in that closer association as to locality to which 
the older sanitarians applied the word ^ endemic" As this word 
is outworn, because by custom associated inth the idea of some 
mysterious but wholly intangible quality inherent in a definite soil 
or region, the term prosodemie has been suggested by one of us 
for this form of disease '' which progresses gradually from person 
to person by routes which, whether direct or indirect, are often 
different for each individual case," the term epidemic being re- 
stricted to " that special case in which circumstances permit the 
transfer of infection to a large number of persons through the same 
medium, and at approximately the same time" (Winslow, 1901). 

True epidemic typhoid, in the sense in which we have thus 
defined the word, is generally easy to trace back to its exciting 
cause. The coincidence of cases fixes the date of infection with 
approximate accuracy, and the scope of inquiry is at once nar- 
rowed down to those vehicles of infection to which all the sufferers 
have been jointly exposed. Furthermore there are comparatively 
few methods by which typhoid infection is likely to be trans- 
mitted to a large number of persons at the same time. The vast 
majority of recorded epidemics have been traced with reasonable 
certainty to one of three vehicles, water, milk, or shellfish. Of 
these water is by far the most important. 

The residual typhoid which still afflicts American cities and 
large towns, even after they have acquired good water supplies, 
is undoubtedly due partly to occasional epidemics in which 
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the vehicle is some material other than water, — such as small milk 
epidemics, shellfish epidemics, celery epidemics, and the like, — 
even v^here outbreaks of notable size, in which the infection of a 
large number of persons can be traced to a common source, are 
absent. Outbreaks due to milk, although considerable, account, 
however, for but an insignificant proportion of the total and con- 
stant annual mortality ; and epidemics distinctly traced to shell- 
fish and raw vegetables have been still more exceptional. 

Most of the typhoid cases which occur to-day in Massachusetts 
and in other communities provided with reasonably good water 
supplies, are of the sort we have designated as " prosodemic." 
They are transmitted from person to person by routes which dif- 
fer in individual cases. The methods by which inspection spreads 
are almost infinite in number. The chain begins with excreta and 
ends usually with food ; but the intermediate links may be few 
or many. The fingers of unprofessional attendants upon typhoid 
patients, or of the patients themselves during the early stages 
of the disease, and flies, which so often pass freely from infected 
privies to adjacent larders, suggest themselves as ready vehicles. 
Sometimes the route is so direct tnat typhoid fever, under un- 
cleanly conditions, becomes for all practical purposes a contagious 
disease. Sometimes it is so roundabout as to baffle any attempt 
to trace it. 

The devious and obscure course of prosodemic typhoid is no 
new discovery. It has never been shown more clearly than by 
Dr. William Budd in his famous monograph published in 1873. 
(Budd, 1873.) The little village of North Tawton in England 
suffered a severe outbreak of this character in 1839, over eighty 
cases occurring between June and November of that year, fol- 
lowing each other slowly, several members of a family taking the 
disease in almost every house in which it appeared. Three in- 
fected persons left the place during this summer, and each one 
formed a new focus for the spread of fever in a region hitherto 
free from it. In the first case the two children of the sufferer 
succumbed to the infection; in the second case a friend who 
acted as nurse took the disease and in turn transmitted it to his 
two children and his brother ; the third of the visitors left North 
Tawton to stay with a brother at another hamlet sev^\i xxsxV^^ 
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away ; the brother's wife, the brother himself two farm hands, a 
friend who had come to take charge of the house, another farm 
hand, two servants, and the daughter of the original visitor suc- 
cessively developed typhoid fever. Evidence of the direct trans- 
mission of the disease could scarcely be more conclusive. 

In this country the outbreak at Bondsville, Mass., where one 
hundred cases occurred among the mill operatives in the sammer 
of 18d2 (Sedgwick, 1893, ^), and that of Newport, R. I., in 19«)0, 
in which some forty cases, apparently caused by an infected well, 
were followed by double that number of secondary cases (Wins- 
low, 1901), furnish more recent examples of the same phe- 
nomena. In each of these instances the slow succession of cases 
and the bond of physical association between the victims gave 
evidence of the prosodemic character of the disease. 

There can be little doubt that the emphasis on water and milk 
epidemics, which produce a striking efiEect upon the public mind 
from the number and coincidence of the resulting cases, has led 
to a general neglect of the less obvious but equally grave danger 
involved in the spread of prosodemic typhoid. Even the well- 
water theory may be overworked, for long ago Dr. Rolleston 
remarked : '' And I would add that certain observations which I 
made recently in a fever-stricken village . . . have induced me 
to think that of the two recognized foci for infection [in t)rphoid 
fever], the bespattered privy and the contaminated well, the 
former may be the one which is more commonly at work." 
(Rolleston, 1869.) The doctrine that typhoid fever is "infec- 
tious but not contagious " has slain its thousands. In dirty sur- 
roundings, typhdd is essentially a contagious disease. Even 
among trained attendants, with all the advantages of a hospital 
environment, the number of secondary cases of typhoid is con- 
siderable. Collie has recorded that one hundred cases occurred 
in the staff of the Asylum Board Hospitals of London from 1892 
to 1899. (Collie, 1904.) 

In the unsanitary conditions which, to our national disgrace, pre- 
vailed in the camps of our volunteer soldiery during the Spanish 
War, the conditions favorable to the transmission of disease reached 
a maximum and furnished a striking object lesson in the transmis- 
sion of prosodemic typhoid. (Reed, Vaughan, and Shakespeare, 
1904.) Of 107 973 officers and men in the national encampments 
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during the year 1898, 20 738, or neariy one-fifth, developed 
typhoid fever, with 1 580 deaths. 

The disease was spread in a series of independent company 
outbreaks affecting over 90 per cent, of the volunteer regi- 
ments within eight weeks of their assembly in camp. Infected 
water played no important part. Flies undoubtedly served as car- 
riers of infection, and it was believed that the virus was dissemi- 
nated to some extent in the form of dust. The vast majority of 
the cases, however, were caused by more or less direct transfer of 
infected material under unsanitary conditions. Of 1 608 cases 
which were studied in detail, 62 per cent, were definitely con- 
nected in place and time with earlier cases. The chief factor con- 
trolling, the incidence of the disease was the system used for the 
disposal of excreta. Thus, in the Seventh Army Corps, the First 
Division, with a water-carriage system, had 1 030 cases of typhoid 
fever ; the Third Division, with regulation pits for disposal, had 
1 292 cases ; the Second, with the thoroughly unsanitary ", tub " 
system, had 2 693 cases. This history of typhoid in the army is. 
simply the history, on an intensive scale, of all prosodemic typhoid. 

One of the most interesting features of the "residual typhoid" 
(not due to polluted water supplies) is its definite seasonal preva>- 
lence. In communities provided with reasouably pure water sup- 
plies, the typhoid, or as it was called by the older sanitarians, the 
"fall fever," follows the curve of seasonal temperature with extra- 
ordinary regularity. If the monthly deaths from the disease be 
plotted ajjd" compared with the monthly temperature it will be 
found that the curves arc almost parallel, the typhoid fever rising 
with the temperature after about two months, an interval rep- 
resenting the incubation period of disease and the time which 
elapses before death. Where the temperature curve is acute, that 
of the mortality follows it, whereas in a mild climate, the distri- 
bution of the disease is more even. In the southern hemisphere 
both curves are reversed. We have elsewhere shown that these 
phenomena are so constant and so universal as to suggest in 
the strongest manner a direct relation between temperature and 
typhoid fever ; and our theory of this relation is as follows : 

"The bacteriology and the etiology of typhoid fever both indi- 
cate that its causal agents cannot be abundant in the environment 
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doring the colder seasons of the year. The germs of the disease 
are carried over the winter in the bodies of a few patients and, 
periiaps, in \'aults or other deposits of organic matter where they 
are protected from the severity of the season. The number of 
persons who receive infection from the discharge of these winter 
cases win depend, other things being equal, upon the length of 
time for which the bacteria cast in the discharges into the en- 
vironment remain alive and virulent. The length of the period 
during which the microbes live will depend largely upon the gen- 
eral temperature ; as the season grows milder, more and more of 
each crdp^ of germs sent at random into the outer woiid ^11 
survive long enough to gain entry into a human being and bear 
fruit The process will be cumulative. Each case wiU cause 
more secondary cases; and each of the latter will have a still 
more extensive opportunity for widespread damage. In our 
opinion the most reasonable explanation of the seasonal varia- 
tions of typhoid fever is a direct effect of temperature upon the 
persistence in nature of germs which proceed from previous vic- 
tims of the disease." (Sedgwick and Winslow, 1902.) 

In cities having polluted water supplies there was an interesting 
departure from the normal seasonal distribution of typhoid. We 
found the normal maximum in September or October; but in 
some cases there were also secondary maxima in the fall and 
spring as shown in the curves for Chicago. These high death- 
rates in the cooler months were at first puzzling, and such in- 
stances have obscured the usual seasonal variations and led some 
sanitarians to deny the existence of any relation between typhoid 
fever and temperature. As soon, however, as it appeared that 
curves of this type were associated with polluted water supplies, 
their significance became clear. The fall and spring epidemics 
coincide with the fall rains and the spring thaws, which wash 
infecting material from vaults on the banks, or through storm 
overflows, into the water supplies, carrying it fresh and virulent . 
to the consumers below. A seasonal distribution of this sort 
appears to be characteristic of many communities drinking from 
unprotected surface waters ; and it was found by us in this country 
in Chicago, Cincinnati, Newark, and Philadelphia. On the other 
hand the large majority of cities, including Atlanta, Baltimore, 
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Boston^ Charleston, Denver, Mobile, Montreal, New Orleans, New 
York, St. Paul, San Francisco, and the District of Columbia 
showed a close and constant relation between the temperature 
and the seasonal prevalence of typhoid fever. 

It is obvious that the difficulties of tracing the path by which 
prosodemic typhoid spreads in the individual case must often be 
insuperable. In a crowded community there are so many pos- 
sible modes of transfer in each separate instance that it is gen- 
erally impossible to demonstrate the chain of infection, as may 
often be done in an epidemic inflicted on a number of persons at 
a definite time and by a single common cause. As intermediate 
vehicles of the disease, we may have soiled clothing, or beddings 
or the woodwork of privies, water, milk, celery, lettuce, or fruit. 
Food, fingers, and flies offer an alliterative summary of the most 
common agents. The one thing upon which we can fix our at- 
tention with certainty is the common point of departure. Every 
germ of typhoid fever, whatever its subsequent history, originates 
in the body of a typhoid patient and leaves it in the excreta. 
Every case of tjrphoid fever is due to the presence of excreta on 
food or fingers, or in some other place where excreta should not 
be. Filth is the fundamental condition for the spread of typhoid 
fever; cleanliness the universal panacea for its eradication. 

Exactly how much responsibility ought to be assigned to each 
of the individual factors it is not always possible to say, and we 
need, therefore, to be particularly careful not to jump too hastily 
to conclusions. As regards flies, for example, we must remember 
that while these are unquestionably important vehicles in the 
spread of typhoid fever, the striking fact remains that the time of 
greatest mortality from typhoid fever in Massachusetts is not such 
as to justify, offhand, a belief that flies are the principal vehicle 
of that disease in this state ; for, while typhoid mortality reaches 
its maximum about the middle of September, a fact which demon- 
strates that the germs are received by the inhabitants in greatest 
numbers or under most favorable conditions at some time in 
August, it is generally believed that September is often, if not 
always, the worst month of flies.. On the other hand, the truth 
may be, of course, that even if flies are. more numerous in Sep- 
tember they are less active than in August, and we must thetelot^ 
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be careful not to dogmatize on either side without sufficient evi- 
dence. One fact which stands out with especial clearness the 
longer we study the subject is that in spite of all that may be, 
and has been, said to the contrary, typhoid fever is a contagious 
disease. Instead of saying, as is often said, that '' typhoid fever 
is infectious, not contagious," we need to say to-day that " t3rphoid 
fever is both infectious and contagious" ; and, doubtless, it is in 
part for this very reason that it has been found so difficult to 
exterminate. 

The conclusion of the whole matter is perfectly clear. Dirt 
and disease go generally hand in hand, and the importance of dis- 
infection as near as possible to the source of discharge becomes 
more and more obvious every day. It is plainly wasteful as well 
as dangerous to allow disease germs to escape from their original 
sources of supply and become distributed in the environment. 
Extraordinary pains are therefore requisite in order to destroy 
their dragon's brood at the very outset, and we cannot help feel- 
ing that boards of health are here often remiss. Too often boards 
of health content themselves with routine work ; too often they 
are more careful for their own political lives than for the lives of 
the people whom they serve. What we greatly need at present 
in many of our cities and towns is greater activity and aggressive- 
ness on the parts of boards of health, especially in res[>ect to sani- 
tation as opposed to hygiene, so that disinfection shall be more 
carefully done, so that polluted wells, which are still frequently 
in evidence in many of our thriving towns and cities, shall be 
closed up, and so that pnvy vaults and other primitive methods 
of disposal of excreta which are unfortunately too characteristic 
of American cities and towns, and whose disappearance is a sure 
index of effective civilization, shall be cleaned up and done away. 
Meantime, all good citizens should uphold boards of health in 
all their reasonable activities, and contribute as far as they can 
towards that enlightened public spirit which shall insist upon a 
higher standard of cleanliness in all our cities and towns. But 
even all these things are not enough. 

We greatly need an extension of power in our state sanitary 

authorities so that these shall be not merely advisory and 

judicial, but shall have, besides the power and duty of investi- 

gatiDg and reporting, some measuie ol conXrol^ ^o \.bat when 
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local authorities are neglectful or powerless, a higher authority 
may step in and protect the lives and health of the people; 
for local carelessness, neglect, or ignorance may, and often do, 
entail the widespread injury of states and even nations. In 
Massachusetts, for example, we ought to have some system of 
district sanitary or public health inspectors, and some system of 
centralized authority similar to that which we have in the state 
medical examiner system, a system which has replaced with so 
much advantage the antiquated "coroner" system of former days. 

This is an old story. Yet as long as conditions remain unim- 
proved it is a story which must again and again be repeated. 
The authors of this paper presented a communication bearing a 
similar title before the American Public Health Association at its. 
New Orleans meeting in 1902, with the following conclusions 
(Sedgwick and Winslow, 1903) : First, that in the state of Massa- 
chusetts and in some of the larger cities of the United States the 
public water supplies are now relatively unimportant as vehicles 
of typhoid fever. 

Second, that in cities having pure water supplies the annual 
curve of typhoid fever mortality closely follows that of annual 
temperature. 

Third, that in urban communities supplied with pure water 
there still remains a typhoid fever tax of from 15 to 25 deaths 
per 100 000 population. (To this we now give the name residual 
typhoid,) 

Fourth, that this tax is due, not to an> peculiar condition of 
soil, locality, or climate ("endemic'* factors), but to incomplete 
disinfection of typhoid excreta, with subsequent infection of vari- 
ous articles of food and drink. These factors, when acting upon 
a few or many persons at one time, may cause obvious epidemics, 
sometimes large, though generally small; but more often the 
infection in moving from one point to another follows various, 
and often obscure, routes for different victims, and hence may be 
described as prosodemic. 

Fifth, that the only remedies for such prosodemic typhoid are 
absolutely thorough and universal cleanliness, and especially a 
thorough disinfection of all excreta. 

The same conclusions may serve for the present communica- 
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tioo, and we propose to reitente and proclaim them at con- 
venient intervals until the public is aroused and educated to that 
cleanliness which is next to godliness, and our national excess of 
typhoid fever ceases to be a discredit to American dvflization. 
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THE TOXIC EFFECT OF CERTAIN ACIDS UPON TYPHOID 

AND COLON BACILLI IN RELATION TO TEiE 

DEGREE OF THEIR DISSOCIATION.* 

C'E. A, WmSLOW AND E. E. LOCHRIDGE^ 
(Froim the BioUtgicttl lahoreUnries of tk*' .Wttssachitsetts [nstitTUe of TecknalagyJ) 

1. LNTRODCCnON. 

Thc reaeaidiea of the physcal cixemiats^ ander the leadership of 
ArrfaemTB and Nemst^ have shown that certain sabstances in aqaeons 
9okitk)ii become dissociated or broken up into electricallj charged 
part-mofecnles (atoms or groups of atoms), which are called ions. 
The extent to which this occurs varies with different sabstances and is 
greatest in the most dilate solotions. With strong acids and bases, 
and their salts, it is piacticallf complete at a strei^th of 0.001 normal. 
With Kicfa sokitiotts it is evident that anj effect, chemical or physio- 
k>gical, which they exert, most be doe to the dissociated ions. The 
properties of a dilate solution of sodiom cfiloride are the properties 
of soditim and chlorine ions, and the properties of hydrochloric acid, 
of hydrogen and chlorine ions. By the comparison of a series of 
properly selected compounds it is easy to determine the specific 
infltience of each ion. The study of the toxic action of various 
sabstances in the light of these facts promises to be of great assis- 
tance in the development of a rational theory of disinfection. 

The first definite statement of the relation between dissociation 
and disinfectant power with which we are familiar was made by 
Dreser. This author (Dreser, 1893), in a study of the pharmaco- 
logical value of various salts of mercury, found that the double 
hyposulphite of mercury and potassium was much less poisonous 
than other compounds containing the same amount of mercury, and 
explained the phenomenon by the fact that this salt on dissociation 
does not set free mercury ions, but breaks up into potassium at the 
cathode and Hg SiOe at the anode. His experiments were made on 
yeast cellsi frogs^ and fishes. In the former case he found it possible 
to prevent all development in a yeast culture by mercury salts, and 
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then by the addition of potassium hyposulphite to permit fermenta- 
tion without precipitating any of the mercury, simply by the 
formation of the differently dissociated double salt. 

Scheurlen and Spiro (1897) confirmed the conclusions of Dreser 
as to the correlation between dissociation and disinfectant action 
among the mercury salts, and extended them to cover certain com- 
]^nds of iron. At the same time they maintained that in other 
cases (^Ht ethylchlorid and ethylsulphate of mercury) strong disin- 
fectant action wars apparently due, not to free ions, but to the 
undissociated molecule. 

A number of phenomena which had long been empirically familiar 
in bacteriology found an easy explanation on the electrolytic theory 
of disinfection. The effect of temperature in increasing the activity 
of disinfectants, for example, had been pointed out by Koch (1881), 
and later by Behring (1890) and Heider (1892), and many others. 
It was at once obvious that this might be due in some cases to the 
increased dissociation at high temperatures. It would be well worth 
while today to see how far the increased activity of disinfectant runs 
quantitatively parallel to its dissociation. Again, Minervini (1898), 
and other investigators, have shown that various antiseptic agents 
(carbolic acid, chromic acid, mercuric chloride, and silver nitrate 
in Minervini*s experiments) are much less active in alcoholic than in 
aqueous solutions. This fact, too, is easily explicable as due to the 
diminished dissociation in such solvents. 

The relation between dissociation and toxicity was put upon a 
sound quantitative basis by the work of Kronig and Paul, first pub- 
lished in 1896 (Paul and Kronig, 1896), and in fuller detail in 
the next year (Kronig and taul, 1897). These authors carried out 
an elaborate series of experiments on the disinfectant action of various 
salts, bases, and acids in the light of the new conclusions of physical 
chemistry. The details of the investigation were arranged with the 
greatest care in order to secure comparable results. Spores of Bacillus 
anthracis and vegetative cells of Micrococcus aureus were used, dried 
on Bohemian garnets. By using a definite number of garnets of a 
certain size shaken up with a suspension of an agar culture, after 
filtering through paper, and carefully drying, it was found possible to 
expose approximately the same number of cells in each experiment. 
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The garnets were dried for 12 hours at T^^ and exposed in platmnm 
sieves to the action of the disinfectant solution studied. The tem- 
perature was kept constant at 18^ C. during the experiment, and after 
tbc desired time had elapsed the excess of disinfectant was carefully 
removed by appropriate reagents ( neutralization of acids and bases, 
precipitation of heavy metak with ammonium sulphide, etc.)- After 
thorough rinsing, the garnets were shaken up with water to detach 
the cells, which were then plated on agar. No attempt was made 
accurately to fix a killing point by testing a long series of dOutioDS 
of each disinfectant, and no exact calculations were made of dissocia- 
tion. In a general way, however, the number of spores of B. anihracis 
which developed after treatment for a given time varied inversely 
with the amount of dissociation. Thus in the study of metallic salts 
it appeared that the activity of various compounds of mercnry, 
silver, copper, and gold was greatest in those actively dissociated, 
and decreased in those which 3deld less free metallic ions. Solutions 
of mercuric chloride and silver nitrate, in alcohol, where no disocia- 
tion occurs, showed almost no disinfectant action. Furthermore, 
tiie toxic action of a salt having poisonous metallic ions was markedly 
diminished by the presence of a non-toxic salt of the same add. 
This is in accord with physico-chemical theory ; in any solution the 
ratio between the undissociated molecules and the product of free 
anions and cations is constant, so that the addition of sodium chloride 
to mercuric chloride keeps the proportion of chlorine ions the same, 
but replaces a portion of the mercury ions by those of sodium. So 
it appeared in Kronig and Paul's work that successive additions 
of sodium chloride to mercuric chloride progressively increased 
the number of colonies developing after the usual treatment. In 
the study of difEerent salts of the same metal it was found tiiat the 
acid radical may also exercise considerable influence on the disinfect- 
ing power. 

With bases Kronig and Paul found the same general relation to 
hold, anmionium hydroxid, which is weakly dissociated, being a 
much less active disinfectant than the corresponding compounds 
of potassium, sodium, and lithium. The authors noted in a general 
way a diminution of disinfectant action in the presence of organic 
compounds. Tiie decrease was most marked with the halogens and 
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oxidizing agents, and less with acids and bases. Disinfectants them- 
selves of organic nature were least affected. 

The particular phase of the subject with which we are especially 
concerned, the disinfectant action of the acids, was not exhaus- 
tively treated in this investigation. One series of experiments was 
made with normal and half-normal solutions, in which it was found 
that hydrofluoric, nitric, and trichloracetic acids in normal strength 
killed all the anthrax spores in 120 minutes. Normal chloric, hydro- 
bromic, and hydrochloric acids and half- normal oxalic acid left a few 
spores alive after eight hours. Normal sulphuric acid was a little 
less effective, and normal phosphoric, formic, and acetic acids left 
large numbers of organisms alive after eight hours. Hydrocyanic 
acid in normal strength showed little action even after 30 hours, 
The investigators conclude that there is a general relation between the, 
action of the acids and the amount of dissociated hydrogen present ; 
but there appear many exceptions to a strict parallelism. The 
authors attribute these exceptional effects to the anion or the undis- 
sociated molecule, and point out that in more dilute solutions they 
tend to disappear. Thus, 0.06 normal solutions of hydrochloric, 
chloric, nitric, and trichloracetic acids showed about the same 
disinfectant action, apparently due to the presence of an approxi- 
mately equal amount of dissociated hydrogen. 

At a still earlier period a somewhat similar series of investigations 
to those of Paul and Kronig had been carried out in another field. 
This was a study of the relation between toxicity and dissociation 
as measured by the effect of various salts and bases, and a long 
series of organic and inorganic acids, on the higher plants, by 
Kahlenberg and True (1896). Their method consisted in determin- 
ing the maximum strength of solution in which seedlings of Lupinus 
albus could grow. The seedlings were exposed for 15 to 24 hours, 
and their condition determined by their general appearance and by 
the growth which had taken place. These plants proved very 
sensitive to the action of dilute acid, a strength of from 0.00008 to 
0.00064 normal killing them in almost every case. It is interesting 
to note that boric acid was endured in 10 times this strength. In 
geperal, the poisonous action ran parallel with the degree of dis- 
sociation, but certain of the organic acids showed relations of their 
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own. The authors concluded that *^ in the case of plants the toxic 
action of solutions of electrolytes, when dissociation is practically 
complete, is due to the action of the ions present. When dissocia- 
tion is not complete, the undissociated part of the electrolyte may 
also exert a toxic effect." Heald { 1 896 ) extended the work of Kahlen- 
berg and True to the seedlings of three other flowering plants, and 
reached the same general conclusions. All these authors pointed 
out clearly that the effect of the common mineral acids is due to 
hydrogen alone, since their anions have almost no strong toxic action 
when neutral salts are used. 

The next work along these general lines was carried out in another 
field of botany by Stevens (1898), at the University of Chicago, the 
measure of viability used being the germination of fungus spores. A 
study had been made by Wtithrich (1892), at a much earlier date on 
the toxicity of metallic salts and acids for the spores of fungi ; and 
Maillard (1898 and 1899) at about the same time reported experi- 
ments on the inhibition of the growth of Penicilliutn by copper salts. 
In Stevens* experiments the spores were inoculated into hanging-drop 
preparations of the solutions tested, and examined for development 
after 24 hours. The five organisms used exhibited marked differ- 
ences in their susceptibility, although all were much less affected 
than the phanerogamous seedlings, requiring a strength of 0.01-0.02 
normal acid to inhibit germination. The relative toxic effect of 
various substances was not unlike that observed by Heald and 
Kahlenberg and True. Mercuric chlorid and various copper salts 
proved most fatal, the acids and cyanides being less active. By 
the comparison of various substances it appeared that of the anions, 
CN, Cr04, CrgOv, and OH are poisonous, and of the cations, Hg, 
Cu, and H, while the halogens and SO4 in dilute solutions exert no 
influence. 

A siill more exhaustive study of the effect of toxic agents upon 
the fungi was made by Clark in the next year (Clark, 1899). This 
investigator followed the same general method as that of Stevens, 
exposing spores in hanging-drop cultures to the activity of the agents 
to be tested. The cultures were divided into four classes : those which 
grew normally, those which showed irregular or retarded growth, 
those which failed to develop in the medium tested, but grew after 
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transfer to fresh beef infusion, and those which entirely succumbed 
to the action of the toxic substances. The wide difference between 
the concentration of acid producing, respectively, injury, inhibition, 
and death was one of the most interesting results of these experiments. 
As in Stevens' work, it was apparent that the fungi are extremely 
resistant to disinfectants, and it was necessary to use somewhat 
concentrated solutions, from 0.008 to 0.287 normal acid, for killing. 
It is perhaps partly for this reason that, as the author says, "in this 
study no new evidence has been adduced supporting the theory that 
the chemical activities of a substance are due wholly or chiefly to the 
ionized portion." On the other hand, it was held that "in the case 
of several acids, ionization lessens the chemical activities toward 
the substances involved in the life-processes of the plant." This 
conclusion is based on calculations of the specific toxicity of each ion 
and molecule, obtained by comparing the effects of different com- 
pounds varying from each other in one element or group. Thus, hy- 
drochloric acid in the solutions used was over 90 per cent, dissoci- 
ated and since experiments with the similarly dissociated chloride of 
potassium showed this salt to be practically non-toxic, it is evident that 
its action was due to the combined effect of the hydrogen ion and the 
undissociated molecule. Nitric acid, dissociated in the same propor- 
tion was much more toxic. Since hydrogen ions are equal in the two 
cases and since the NO3 ion is harmless, as shown by experiments with 
neutral salts, the increased effect must be due to the undissociated 
part of the molecule of nitric acid. Clark calculates that the toxic 
value of one molecule of undissociated HNO3 is 7.7 times that of an 
ion of hydrogen, so that the acid actually loses nearly seven-eighths 
of its disinfectant power by becoming ionized. 

The effect of sulphuric acid was about the same as that of hydro- 
chloric ; since it is less dissociated, the author attributes an appreci- 
able influence to the anion, HSO4. Acetic acid, at the strength used, 
is only 2 per cent, dissociated, so that its high toxic effect is due to 
the un-ionized molecule. 

The results obtained in this series of experiments with hydro- 
cyanic acid are also interesting. Kronig and Paul (1897) found 
this acid almost without effect on anthrax spores, while Kahlenberg 
and True (1896), on the other hand, record very strong toxic action 
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cm the seedlings of higher plants. In Qark's experiments it proved 
far more fatal than anj other acid, being 70 times as active as 
hydrochloric. The molecole at the concentrations used is probably 
only slighdy dissociated. 

In some ways the most important work apon this sabject was 
the very careful stndy made by Bial, of the antisepdc action of the 
hydrogen ion of dilute acids upon yeast. He first became interested 
in the problem from a consideration of the caoses ndiich allow pro- 
duction of gas in the stomach, and carried oat his earliest experi- 
ments by observing the gas formation in jreast cultures in the presence 
of various substances present in the normal gastric juice. This series 
of studies (^1, 1897) showed that the presence of albuminoid 
substances or of sodium chloride effected a marked restriction of 
the antiseptic action of hydrochloric add. Bial at this time did not 
apply physico-chemical theories to the explanation of these phe- 
nomena ; but in another contribution he made a fuller study of the 
problem. His later experiments (Bial, 1902) were again made with 
yeast cells, cultivated in fermentation tubes filled with grape-sugar 
solution to which various amounts of acid had been added; the 
antiseptic action was inversely registered by the amount of gas 
produced. The advantage of this method is its great delicacy; 
the fermentative power of the yeast responds to such extremely 
minute quantities of acid that the ionic effects are not complicated 
by other actions which appear in stronger solutions. Bial did not 
make exact calculations of the amount of dissociated hydrogen 
necessary tonnhibit the yeast, but he found that a general relation 
existed between the ionization and the antiseptic action. The 
strongly . dissociated acids — hydrochloric, sulphuric, nitric, and 
trichloracetic — entirely stopped the action of the yeast in concentra- 
tions of between 0.005 and 0.008 normal. Acids of an intermediate 
grade — phosphoric, formic, and oxalic — accomplished the same ef- 
fect when 0.01 normal ; while acids still less dissociated — acetic, ben- 
zoic, and butyric — stopped all fermentation only when 0.04 to 0.07 
normal. The most striking feature of Bial's work was a series of ex- 
periments on the diminution of the antiseptic action of acids by the 
addition of neutral salts whose action is to decrease the dissociation of 
the acidic hydrogen. A solution of 0.01 normal formic acid and 0.3 
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normal sodium formate showed active fermentation, as did a solution 
of 0.0166 normal hydrochloric acid and 0.2 normal sodium chloride. 
The same phenomenon was observed with oxalates, nitrates, sulphates, 
and acetates. An exhaustive study in the case of hydrochloric acid 
showed that, while a certain amount of sodium chloride diminished 
the toxicity of the acid, a much larger amount actually increased it. 
Bial attributes this to a catalytic action of chlorine ions, but it seems 
to us that the facts may be explained more simply by the direct 
inhibiting effect of the sodium chloride and its ions. Bial found that 
twice normal sodium chloride without any acid prevented fermenta- 
tion ; and it is quite possible, in dealing with living organisms, that 
the combined effect of the acid and the chloride would be inhibitory 
at concentrations which with either acid or base alone might allow 
fermentation to go on. Bial studied also the effect of hydrochloric' 
acid and sodium chloride in the presence of peptone, and found that' 
the yeast would bear more of the salt than in the presence of. add 
alone. r a. 

The experiments of Paul and Kronig demonstrated clearly thatr 
in certain solutions disinfectant action runs parallel with the presence 
of . dissociated ions. The work upon the higher plants and the mold 
fungi confirmed these results, but showed that in other cases. the 
undissociated molecule is of great importance. Biars studies brought 
out clearly the influence of neutral bodies, inorganic salts or proteids, 
in diminishing disinfectant action by decreasing dissociation. 

The problem is, of course, complicated by still other chemical 
interactions which are more obscure. For example, Scheurlen ( 1 895) , 
Beckmann (1896), Romer (1898), and Spiro and Bruns (1898) have 
shown that in the case of phenol and certain other organic disin- 
fectants the addition of sodium chloride greatly increases toxic ac^- 
tion. Still another factor which affects disinfectant power has been 
brought out in recent years by Nageli (1893), and other observers^— 
the presence of suspended solid particles of neutral character. In 
the most recent communication upon this subject by True and 
Oglevee (1905) it was shown that the toxic effect of metallic saLts 
upon Lupinus may be entirely counteracted by the presence of 
finely divided particles of sand, glass, filter paper, coal, starch, or 
paraffin. On the other hand, the toxic effect of organic disinfectants 
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— phcTiof, ih5nnol, and resorrinol — was affected only to a bareiy 
apprcdahfc degree. The action when it occurs is expiained by the 
pnmTT of snspended particles to remove dissolved sabstances by a 
procem of adsor^pniofi, ami the ponibility suggests itseif that the 
removal of ions by large ofgiMc molecules in tme or coUoidai 
sohtions may be of an analogoim character. Whatever the r^^r ^, 
this phenomenon must prove of far-reaching importaoce is bacteri- 
ology. Snch facts as the observed moitipiicatim at b Byty rnt^ when 
water samples are stored in glass bottles, may be the reseit of a 
removal of inhibiting snbstances by the adsorptive action of giass 
sorfaccs. 

A considerable body of evidence in the fieid of animai physiology 
bears oat these conrlosions obtained ftom the study of bacteria and 
other plants. A fairly full summary of this litexatore may be found 
in the reviews of Cohen (1903) and Hamburg^ ( 1904). The work 
of Kahlenberg (1^98) and other observere, who have shown that the 
taste of dilate solutions is in many cases due to the specific piopeEties 
of the dissociated ions, is of interest. Studies wiiicii have been 
frequently cited were made by Loeb (1897 and 1898), and recently 
reprinted (I/)fb, 1905), on the influence of free ions upon frog's 
muscle. The gastrocnemius muscle absorbs water and increases its 
weight in the presence of slight traces of acids or alkalis, and Loeb con- 
cluded that tot the IfKyrganic acids and bases this increase in weight 
is solely a function cA the number of hydrogen and hydroxyl ions in 
the unit of v^ylume. This sweeping conclusion b hardly borne out 
by his experiments. With the organic acids there was no relation 
Whatever, trichloracetic acid, almost entirely dissociated, and 
ktUt AtlAf with only 1 1 per cent, dissociation, gave practically the 
same restllts. With a series of 11 different organic acids of every 
tlegree ot dissociation^ the individal variation in weight-increase, 
with n.OnO tiormal solutions, tanged only between 8.9 per cent, and 
l.i pet tfcht. 

A vety sightfltatit litie of physiological investigation concerns the 
bthdtng ot ttee iotis by organic molecules of large size. In one of 
the h\Ost n^ceht toh^miinicalions on this subject, Stiles and Beeis 
\VMt>) )\AVt sht)W«i that the effect of calcium chloride, bariom potas- 
mi^ thbtftle^ atvd tK>d\\im nitiitt upon plain, caidsac, aad s&^Kd 
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muscle of the frog, terrapin, and guinea-pig was reduced from one- 
half to three-fourths in the presence of white of egg, partially dialyzed 
serum, peptone, or starch. In some cases a combination between the 
inorganic body and the proteid has been demonstrated by freezing- 
point determinations, but in other cases particularly with the neutral 
salts, this has not been shown. As the authors suggest, these experi- 
ments point to the existence of ^^physiological compounds which are 
not demonstrable at all by chemical methods, but only by the 
reactions of living tissues." 

2. OBJECT AND METHODS OF THE PRESENT INVESTIGATION. 

The present investigation was begun with the intention of deter- 
mining the effect of acid wastes in sewage upon the viability of the 
typhoid bacillus under practical conditions. It soon appeared, 
however, that the problem was too complex to be attacked in any 
general way without the preliminary determination of certain of the 
individual factors involved, under definitely controlled conditions. 
We have therefore attempted to find the disinfectant power of two 
mineral acids and two organic acids upon the typhoid bacillus in tap 
water and in the presence of peptone, and have controlled these 
experiments by a parallel series with the colon bacillus. The results, 
besides their specific value as determinations of the reactions of these 
two organisms to dilute acids, have a certain interest in relation to 
the general theory of disinfection. In all the experiments reviewed 
above, except Bial's, the acids used were tested in only a few widely 
differing strengths, so that the parallelism between disinfectant action 
and dissociation was not established with any great exactness. In the 
work of Kronig and Paul on anthrax spores and the various studies 
on the mold fungi, it was necessary to use such strong solutions 
that ionic effects were largely masked by the influence of the undis- 
sociated molecule, and in the studies of Kahlenberg and True and 
Heald on the phanerogams it was evident that with such complex 
organisms many other factors than the direct effect on protoplasm 
come into play. There was room, therefore, for a series of experi- 
ments on organisms sensitive to very dilute acids, carried out in 
sufficient detail to show definitely the relations between toxicity 
and dissociation. 
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Wiih the view of securing exact quantitative results, we adopted 
the method of exposure to the acid tested, in a suspension from 
which samples were directly plated. This process has the obvious 
defect of permitting a certain amount of the disinfectant to be 
carried over to the plate, where it may exert an antiseptic action. 
We have really measured the combined disinfectant action in the 
suspension and possible antiseptic action in the plate. The action 
of organic matter in decreasing, toxicity, shown by our experiments, 
must greatly reduce any such action in the plate. 

The procedure in each experiment was as follows : A series of 
bottles, each containing 100 ex. of sterile water (or peptone solution), 
was arranged ip a row, and to each bottle was added a different 
amount of standardized acid from a graduated pipette. The amoutkt 
of water in each bottl^ was measured at the end of the experiment, 
in order to obtain the exact strength of the solution. Immediately 
after the adjdition of the acid ther^ was added to each bottle 1 ex. of 
a fresh aqueous suspension of the bacteria tested. After standing 
for 40 minutes, lactose agar plates were made in duplicate, from 
the acidified bottles, and from controls with no acid. Colonies weare 
counted after 24 hours, incubation at 37° C. i. 

Forty minutes was selected, after some preliminary experiments, 
as the best period of exposure to the acid, since it gave sharper 
results than a shorter time. In the tests reported in the accompany- 
ing tables there was not a variation from the 40 minutes of more than 
on€ ininute in most of the samples. The series for B, typhi \n water, 
with HCl, were also examined after 100 minutes, and after 24 hours. 
In the sample containing 48 parts per million of sulphuric acid, 
there was, after 40 minutes, 59.3 per cent, removal of B, typhi-, after 
IQO minutes, 88.15 per cent, removal; after 24 hours, 100 per cent, 
removal. The sample containing 92i9 parts per million of sulphuric 
acid removed after 40 minutes 92.97 per cent. ; after 100 minutes, 
99.99-|- per cent. ; after 24 hours, 100 per cent. The removal was 
100 per cent, in all of the samples containing larger amounts of acid 
after 103 minutes, and in all of the samples after 24 hours. 

The temperature factor was of considerable importance, and care 
was taken to keep conditions uniform. No agar was poured with a 
temperature greater than 50° C. It was foi^nd that a rise in tem- 
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perature in the presence of the acid was very fatal in its effect on the 
bacteria. 

The typhoid culture used was obtained from the Massachusetts 
General Hospital, where it had been isolated from the spleen of a 
clinically typical case of typhoid fever ; the colon bacillus was isolated 
in the laboratories of the Institute, and both gave all characteristic 
reactions. Twenty-four-hour agar-slant cultures were used in all 
cases. 

The tables have been prepared to show, in the first column, the 
parts per million of the acid, and in the second column the parts per 
million of acidic hydrogen or, more accurately, of replaceable 
hydrogen. The third column shows the strength converted into terms 
of normality. The percentage dissociation of the acids at each dilu- 
tion is given in' the fourth column, and the actual parts of disso- 
ciated hydrogen in the fifth. The last two columns show the initial 
number of bacteria used as shown by blank controls and the per- 
centage reduction after 40 minutes. 

The tables show in general that with increasing quantities of 
disinfectant the bacterial reduction proceeds rapidly up to a certain 
point. After 99 per cent, of the organisms have been killed, how- 
ever^ it takes a very considerable further increase of acid to produce 
sterilization. This is a point of very fundamental importance, and 
one which has been observed in studying the effect of such various 
agents upon the bacteria, that it deserves special attention. Sedg- 
wick and one of us (Sedgwick and Winslow, 1902) have called atten- 
tion to the persistence of a few specially resistant individuals when 
typhoid bacilli are exposed to the action of cold. After 14 days of 
exposure to freezing temperature 99.8 per cent, of the organisms 
were killed, but after three months a few still survived. Johnson's 
tables of the reduction of typhoid and colon bacilli by copper salts 
(Johnson, 1905) show the same phenomenon, although he does not 
comment upon it specifically. More recently, Frost and Swenson 
(1906), and Gage and Stoughton (1906), have emphasized this 
peculiar phenomenon, in connection with resistance to high tem- 
peratures. The former authors, working with B, ^ysen/ertae, found 
that " the majority of the cells were killed between 55° and 60°, but 
that frequently a relatively small number, possibly one individual 
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Altogether It seems clear that among what are ordinarily con- 
•idered non-sporiDg bacteria there exists a small proportion of indi- 
viduals having specially high resistant powers against unfavorable 
conditions. The absolute death-point for these resistant forms is 
difficult to determine accurately on account of their small numbers 
fltid the consequent chances that they may be overlooked. We are 
Inclined from our experience to agree with Gage and Stoughton as 
to the superior value for many purposes of the majority death-point 
(99 per cent.), and we shall lay special stress on this in interpreting 
our results. 

a. THE DISINFECTANT ACTION OF HYDROCHLORIC ACID AND 
SULPHURIC ACID UPON B. TYPHI AND B. COLL 

Hydrochloric acid and sulphuric acid were chosen as types for 
the study of strong mineral acids, and the experiments were carried 
out as described above. The water used was Boston tap water, 
containing before sterilization about 40 parts per million of residue, 
lA |>artfi of hardness, 0.015 part of free ammonia, and 0.144 part of 
allMiminoid ammonia. The results are shown in Tables 1-4. 

The 99 per cent killing-point with the hydrochloric acid is reached 
at a strength of 0.0077 normal, with 7,49 parts of dissociated hydro- 
gen \ttx million, and the absolute killing-point, as nearly as it can be 
determined, with a 0.0128 normal solution containing 11,80 puts 
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TABLE 1. 
Action of Hydrochloric Acid on B. coliw Tap Water. 



Acid parts in 
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Percentage Re- 
duction of 
Bacteria after 
40 Min. 

00.00 

45.00 

72.85 

82.50 

97.50 

99.87 

99.96 

99.99 
lOO.CO 
100.00 
100.00 
100.00 



TABLE 2. 
Action of Sulphuric Acid on B. colt in Tap Water. 











Dissociated 




Percentage Re- 


Acid Parts in 


Hydrogen 




Per Cent of 


Hydrogen. 
Parts in 


Bacteria per 


duction of 


1,000,000 


Parts in 


Normality 


Dissociation 


c.c. before 


Bacteria after 




1,000,000 






1,000,000 


Treatment 


40 Min. 


45.9 


0.94 


0.0009 


93 


0.87 


60,000 


66.20 


46.5 


0.95 


0.0009 


93 


0.87 


140,000 


80.00 


111.5 


2.28 


0.0023 


90 


2.05 


It 


81.43 


138.3 


2.82 


00028 


89 


2.51 


60,000 


86.50 


176.6 


3.62 


00036 


88 


3.18 


ti 


96.25 


178.2 


.S.64 


0.0036 


88 


3.20 


140,000 


82.14 


225.2 


4 59 


0.0046 


86 


3.94 


60,000 


96.25 


257.2 


5.25 


0.0052 


85 


4.46 


•t 


98.50 


311.5 


6.36 


0.0064 


84 


5.35 


140,000 


97.50 


375.9 


7.68 


0077 


83 


6.38 


Cl 


98.86 


470.0 


9.60 


0096 


80 


7.68 


ff 


99.92 


552.0 


11 30 


0.0113 


79 


8 93 


II 


99.92 


6:^.0 


12.90 


0.0129 


78 


10.05 


CI 


99.95 


692.5 


14.13 


0.0141 


77 


10.90 


ft 


99.95 


812.0 


16.57 


0.0166 


76 


12.60 


tc 


100.00 


910.0 


18.57 


0.0186 


75 


13.95 


ft 


100.00 



of dissociated hydrogen. With the sulphuric acid the 99 per cent 
reduction was reached at a strength of 0.0096 normal, with 7.68 parts 
of dissociated hydrogen, and the 100 per cent reduction at a strength 
of 0.0166 normal, with 12.6 parts of dissociated hydrogen. These 
results show a direct relation between disinfectant action and free 
hydrogen ions. The normal strengths of the killing solutions do not 
correspond very closely ; 0.0077 sulphuric acid failed to do what the 
same strength of hydrochloric acid did, and 0.0129 and 0.0141 sul- 
phuric acid failed to do what 0.0123 hydrochloric acid did. On the 
other, hand, when we compare dissociated hydrogen, allowing for 
the greater ionization of the hydrochloric acid, the discrepancies 
disappear. The same concentralions oi d\ssoc\^X^^\x^^"^^%^^^''^>2^5^^ 
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the limits of arnirary of the experiment, produced respectively the 
90 [)er rent and the 100 per rent reduction in the two acids. 

IXRT.F 3. 
AfTioN or HvnfjnrHTnffTr Ann nw /?. typhi \^ Tap \Vatb«. 



A.i,lParr»ir' ^fy^roSf^n 

1 .oco.ooo y-}^^^ 
i.ooo.noo 



I)t<«9ori(if«d : Peroanage Re* 

^, ,. PerOiitof I Hydmjjwi. '^"<^^^P*^ ducdoa of 
VormMify nissociationi i»arts in c.o. before Bacuria aiter 

Tr«stm«nt 



75.3 
100.5 

182. r, 
•iJO.S 
iJ48.0 

^7.".. 5 



1.00 

:^.00 
t.OO 
r,.oO 

0.80 



0010 
0.0021 
O.OOBO 
0.0041 
0.0050 
0.0059 
0.0008 
0.0075 



07. » 
07.H 

97.1 



i,r.no.o.'o 

1.02^ 
2^.94 
4.><5 



4«Biiii. 



T,050 



(< 
{( 
(« 

<c 



7^.20 

a».to 

9».aA 
ioe.QO 
iQ6.oe 
ioe.Qo 

100.00 



TART.K 4. 

A< rins OF Sfr riTfRTc Ann on fi. fyP^' >w Tap WaTkr. 



AaidPnrtiin 
f,(MV).O0(» 




UtilroJ^en 




Tar 18 it) 


Vitrmatity 


l.ono.nno 




008 


O.OOID 


188 


O.OOltJ 


2.84 


l).W}28 


?.85 

4.n.i 


b.W>:!8 


h.(^^45 





Dis!»oc«it«d 




Ttr Ont of 
Dissociation 


Hydfogei*. 
P«rf« in 


BftCMiiti per 
c.c. belorc 




1,1)00,000 


Treatffient 


n.i 


0.01 


185,000 


00.5 


1.70 


H 


80.5 


8.54 


tl 


8t.O 


B.Bf) 


It 


85.5 


8.00 


t« 



Perceatase Re- 

dodon oi 

Bacteria after 

40 Min. 



59.30 

92 97 

90.10 
100.00 



i\iWes S A\\i^ 4 ;^h(^vv \^^\ \^^ \.\\^^ baciUu« is co«skteiai&% 
more seVis\W\-e "iViAVi "tV^^ t^'lt>'rt b^d'l'Kft m il^ tt$^liid«i I© ;JUDi esoe^ <2ff 
acicl. ''l^e ^'^ »iS"eV reVi't V^yrc't'N^l >oviits «re*dh<e«4 m^ ItafrfhwsdMkmc 

%kxi^%ch, hYi<^ Vhe ^W) ^^fh 're<f!<K^k*h ^fi!h *.**&0 ittfmittIItB5^cHiifl 

'4.S.S parts of (^issdciht^A \\htt^t\. X^'fili ^srilphwrk: -licifl tfet iM> ipsr 

cent rediirtioh'VhsYe^ched^nth'^.^05fi't^fmttU{y-tttia 'iiS^tt^tttteoif 

Kydro^on, and the ^W") per cent redt>otiOti ^Uh '0:l*W^ rnrniualhy 

and '8.00 parts of hVHtoi^ch. The ft^ct th?!t th^ tv.O(fe^lumttil:«dldiM»i 

of snlphni^c acid shdWed onK ^R per ceht i^edfiCHmi is-OWe^Jftfttftje 

abnormalities wViicVi nnfortnn-ately*?ometin>esH&ccur \t\ ^sx^rs^i^&^ei6\ 

work. In general, tlic re?nlts ^i^hoNv a<g^in lliat fhe twt> ^ddseejcett 

the same (jnantitatl^e effect, althoogh in this - case, the^^etetion- 

^teaker and the dis^6ciatiOn ot ihe two ^dd^ mwte ^tiiiftarty'tbe ^ 

the difference ISe'h^een tic>ttn^\ ' ^tT^tk^t>^ «Lt\^-'^^'^'^s^^^«*^^»^ 

sociatcd hydr^en is tiot J^iftscAy^Htt^^. 
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The critical points derived in these tests are brought together in 
Table 5. They show that the typhoid bacillus is a little less than half 
as resistant as the colon bacillus to dilute acids, and that the toxicity 
of these acids depends, not on their normal strength of acid or on the 
kind of acid used, but on the number of dissociated hydrogen ions. 
Between 7.4 and 7.7 parts of dissociated hydrogen effects a 99 per cent 
reduction of the colon bacillus, and between n.8 and 12.6 parts, a 
100 percent reduction. For the typhoid bacillus the correspcmding 
figures are 2.5-3.0 parts and 3.9-4.9 parts. Since at the dilutions 
used the hydrochloric acid was over 96 per cent dissociated, its 
effect must have been almost entirely ionic; and since the sul- 
phuric acid at 75 per cent dissociation showed only the toxicity which 
would have been expected from its dissociated hydrogen, it appears 
that in this case too the undissociated molecule exerts no appreciable 
influence. The anions have been shown to be neutral in the experi- 
ments of other observers. It is evident, then, that the toxicity of 
these acids at high dilution is a function of the dissociated hydrogen. 



TABLE 5. 
Disinfectant Action op Mineral Acids in Tap Water. 





B. coli 


B. typhi 




99% Reduction 


100% Reduction 


99% Reduction 


100% Reduction 




HCI 


H2SO4 


HCI 


H2SO4 


HCI 


H2SO4 


HCI 


H2SO4 


NormalitiT «..•• 


0.0077 
7.49 


0.0096 

7.es 


0.0123 
12.80 


0.0166 
12.60 


0.0030 
2.91 


0.0028 
2.64 


O.OOfiO 
4.86 


0.0016 


Paits per 1,000,000 dis- 
sociated hydrogen. . 


3.90 



4. THE DISINFECTANT ACTION OF ACETIC ACID AND BENZOIC 

ACID UPON B, TYPHI AND B. COLI, 

We next desired to study examples of the incompletely dissociated 
organic acids. Acetic and benzoic acids were selected as types, 
and the experiments were carried out as before. The results ob- 
tained with benzoic acid are probably somewhat inaccurate on 
account of the difficulty of securing complete solution. The results 
are shown in Tables 6-8. 

An inspection of these tables shows a marked difference from the 
results obtained with the mineral acids. With B. coli vi^.c^\k. ^JcA^5c^^ 
99 per cent reduction is reached at; a, stteti^xVi oi Q ft^Vl xifyca>^>'M^^ 
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AsT?rS9 49 ittaKr 



/hi: Aon iw 3„jasfi: a: T«» 






htHJO 




*^ i ' '" "tyr 




9,n 



I 19M 



0,00% 
OJOOffl 

om9» 



f 



1«jO 
5^ 



0^ 

OAl 
0.^ 
0.73 
IjOI 






100,000 



00.00 
50.00 
00.75 
07.80 
90.99 
lOOiX) 



TABLE iL 
AcTMnr or Bcxzoic Acxd ov ^. ijfii nc Tap Wates. 









1 


Dbsodalvd 

HrdfOgca 

Paris in 








Htdfogfn 
F»ru in 


9otw»atity 


PerCeatof 


BactCTA per 

0^ - - 


Bactcna after 


1 


Xfi^fiw 






1/m/m 




4tMni. 


1(9.23 


0.24 


0X)002 


40.0 


0.10 


50,000 


44.00 


140^ 


1.15 


0.0011 


20.3 


023 




54.00 


243 80 


2.00 


0.0020 


15.4 


0.31 




62.00 


338.00 


2.73 


0.0027 


13.6 


0.37 




70.00 


427.00 


3.62 


0.0035 


10.4 


0.37 




92.00 


e89.00 


5.75 


0.0a57 


9.8 


0.56 




100.00 


1,292.00 


10.60 


0.0106 


7.2 


0.76 




100.00 



the 100 per cent reduction at 0.0935 normal. The acid at these 

strengths is only a little over 1 per cent dissociated, and the amount 

of dissociated hydrogen present a little over 1.2 parts per million. 

Since this is only about one sixth the strength of ionic hydrogen 

necesi&ry to produce similar iesu\ts m\Xi xVi^ TD[YaftT2\ ^.c\^, \i is evi- 

dent that the toxic action oi the acel\c ac\ds*\^ ^\x^ cltCvt.^^ \a ^^^ssnks^ 

or the uudiwociated molecule, the \aUei,\>em?> ^o mucJtv ^^\et \tv 
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amount, probably playing the principal part. The same thing is 
true of benzoic acid. Here the molecule is more highly toxic, 
producing a 99 per cent reduction at 0.0097 normality and a 100 per 
cent reduction at 0.0199 normality, with about 1 per cent dissocia- 
tion. As in the case of the mineral acids B, typhi is more sensitive 
than B, coli, showing 100 per cent reduction with benzoic acid at a 
strength of 0.0057 normal. 

It appears, then, that the toxicity of these organic acids is due not 
mainly to hydrogen ions, but to the action of the undissociated 
molecule, varying widely, as might be expected, with the acid 
employed. A comparison of the corresponding toxic normal 



TABLE 9. 

Toxicity of Organic and Mineral Acids for B. colt and B. typhi. Strength in 
Normality Producing 99 Per Cent and 100 Per Cent Reduction. 





B. coll 


B. typhi 


Acid 


99% Reduction 


100% Reduction 


99% Reduction 


100% Reduction 


Hydrochloric 

SulDhuric 


0.0077 
0.0096 
0.0812 
0.0097 


0.0123 
0.0166 
0.0935 
0.0199 


0.0030 
0.0028 


0.0050 
0.0045 


Acetic 




Benzoic 


0.0057 



Strength, made in Table 9, shows that benzoic acid is almost as 
toxic as the mineral acids, the effect being due in one case to the 
whole molecule, and in the other case to hydrogen ions. Acetic 
acid, on the other hand, has only 10-20 per cent as high a disin- 
fectant action. 

5. THE DIMINISHED TOXICITY OF ACIDS IN THE PRESENCE 

OF PEPTONE. 

Having fixed with some precision the killing-point for the various 
acids studied, when acting in tap water, we next desired to determine 
what would occur in the presence of organic matter. A series of 
experiments was carried out, parallel to those reported above, except 
that a 1 per cent solution of Witte's peptone was used instead of tap 
water. The results with the mineral acids, presented in Tables 10-12, 
showed that the toxicity of the acid is profoundly modified by the 
presence of organic matter. 
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TABLE 10. 

DuiNrBCTANT AcTION OP HYDROCHLORIC AciD ON B, COll IN 1 PCR CaNT PbPTONB SOLITTION 



Add Parts 

in 
1,000,000 


Hydrofcn 
Partt in 
1,000,000 


Normality 


Per Cent 

of 

Dissociation 


Dissociated 

Hydrogen. 

Parts In 

1,000,000 


Bacteria per 
c. c. before 
treatment 


Percentage 

Redtiction of 

Bacteria after 

40Min. 


1,118 


30.62 


0.0306 


94.8 


29.0 


90,000 


40.00 


1,825 


50.00 


0.0500 


94.8 


47.5 




93.35 


2,502 


69.00 


0.0690 


93.0 


64.2 




97.97 


2,950 


80.80 


0.0808 


92.0 


74.4 




97.74 


8,470 


95.20 


0.0952 


91.5 


87.5 




W.vo 


8,685 


97.80 


0.0978 


91.4 


89.4 




100.00 


4,020 


110.00 


0.1100 


.... 


• • • • 




100.00 



TABLE 11. 
Disinfectant Action of Sih-phurig Acid on B. coli in 1 per Cent PEPftms Solution 



AcidPartt 

in 
1,000,000 


Hydrogen 

Partt in 

1,000,000 


Normality 


Per Cent 

of 

Dissociation 


Dissociated 

Hydrogen. 

Parts in 

1,000.000 


Bacteria per 
c. c. before 
Treatment 


PercenUge 

Reduction of 

Bacteria after 

40Min. 


970 






.... 


• • • • 


140,000 


00.00 


1,204 






.... 


• • « • 


(( 


00.00 


1,405 






.... 


• • • • 


• c 


00.00 


1,536 


31.4 


6.6314 


70.0 


22.0 


(< 


00.00 


1,728 


35.3 


0.0353 


68.5 


24.2 


(( 


20.00 


1,962 


40.1 


0.0401 


67.5 


27.1 


<( 


61.43 


2,066 


40.9 


0.0409 


67.0 


27.4 


<( 


64.29 


2,399 


48.9 


0.0489 


65.4 


32 


60,000 


76.67 


2,639 


53.8 


0.0538 


64.8 


24.9 


(C 


79.17 


2,912 


59.4 


0.0594 


64.2 


38.1^ 


C( 


91.67 


3.065 


62.6 


0.0626 


63.2 


30.6 


C( 


93 33 


3,258 


66.5 


0.0665 


62.8 


41.8 


<< 


94.17 


3,450 


70^4 


0.0700 


61.9 


43.5 


(( 


93.85 


4,610 


94.2 


0.0942 


58.9 


55.5 


65,000 


99.99 


5,298 


108.1 


0.1081 


57.0 


61.6 


(C 


100.00 


6,555 


13fi.2 


0.1352 


• • • • 


• ■ • • 


<( 


100.00 


7,800 


159.3 


0.1593 


• • • • 


• • • ■ 


(( 


100.00 



TABLE 12. 
Disinfectant Action of Hydrochloric Acid on B, typhi in 1 per cent Peptone Solution 



Acid Parts 
1,000,000 


Hvdro^n 
Partt in 
1,000,000 


Normality 


Per Cent 

of 

Dissociation 


Dissociated 

Hvdro^en. 

I'arts in 

1,000,000 


Bacteria per 
c. c. before 
Treatment 


Percentage 

Reduction of 

Bacteria after 

40 Min. 


1,107 
1,740 


30.3 
47.6 


0.0330 
0.0476 


94.8 
93.8 


28.7 
44.6 


50,000 
50,000 


99.99 
100.00 



In these tables the dissociation values given are those determined 

for distilled water, and not those which actually obtain in a peptone 

solution. The amount of dissociated hydrogen required for disin- 

fectioD, when estimated in this way, \s sttu Xo\^ xv^^V^ IQ ivoaes as 

great as in tap water. For companaoti xY^t xtssoXxa wt \si^w<^x 

together in Table 14. 
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TABLE 13. 
Disinfectant Action of Sulphuric Acid on B. typhi wk 1 per Cent Peptone Solution. 



Acid Parts 

in 

1,000,00(1 

819 
060 
1,104 
1,139 
1,288 
1,453 
1,472 
1,619 
1,587 
1,612 
1,678 
1,879 
1,994 
2,045 
2,115 
2,119 
2,399 



Hydrgen 
Parts in 
1,000,000 


Normality 


17.03 


0.0170 


20.00 


0.0200 


22.52 


0.0225 


23.17 


0.0232 


26.32 


0.0265 


29.63 


0.0296 


30.03 


0.0300 


31.66 


0.0317 


32.39 


0.0324 


32.89 


0.0329 


34.24 


0.0342 


38.32 


0.0383 


• • • • 





Pet Cent 

of 

Dissociation 



74.5 
73.7 
72.0 
72.0 
71.0 
70.2 
70.1 
69.7 
69.5 
69.0 
68 5 
68.0 



Dissociated 

Hydrogen. 

Parts in 

1,000,000 



12.7 
14.7 
16.2 
16.7 
18.7 
20.8 
21.0 
21.6 
22.5 
22.7 
23.4 
26.0 

• • • • 

• • • • 



Bacteria per 
c. c. before 
Treatment 



85,000 



(( 
(( 



28,000 
85,000 
28,000 



II 
(< 
<( 

C( 

II 
l( 
If 
f( 
tc 



Percentage 

Reduction of 

Bacteria after 

40 Min. 



00.00 

17.65 

17.66 

34.10 

61.20 

82.15 

76.45 

89.30 

89.30 

100.00 

97.86 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 



TABLE 14. 
CoMPARATivs Toxicity of Mineral Acids in Distilled Waxes and 1 per Cent Peptone Solution 

(Parts per 1,000,000 of dissociated hydrogen.) 





• 

B. colt 


B. typhi 




99% Reduction 


100% Reduction 


99% Reduction 


100% Reduction 




HCI 


H2SO4 


HCI 


H2SO4 


HCI 


H2SO4 


HCI 


H2SO4 


Distilled water 

1 per cent peptone 


7.49 
87.6 


7.68 
66.5 


11.80 

89.4 


12.60 
61.6 


2.94 
28.7 


2.54 

• • ■ ■ 


4.86 
44.6 


3.90 
22.7 



It is evident that in some way the peptone exerts a strong influence 
in counteracting the toxic effect of the acids. It at first occurred to 
us that this might be due simply to the fact that peptone solution 
fuinished a more favorable medium for the bacteria, and thus enabled 
them to resist unfavorable conditions. Such an effect would, how- 
ever, hardly be expected in so short a period as 40 minutes ; and this 
explanation fails to account for the fact that the toxicity of the hydro- 
chloric acid is much more diminished than that of the sulphuric acid. 
Reference to Tables 15-17, which show the results obtained with the 

- organic acids, makes it still clearer that a specific chemical action is 
involved. 

Evidently with the organic acids dis\ti.tec\a.xi\. ^cy«^\ \% \s!».0;s. 
less affected by the presence of peptone. ^V\.\^ B, coli ^.coCv::. ^o.^ 

produces a 100 per cent reduction wVietv \ti z. %vt^n%\Xv q\. ^S^^*^"^ 
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TABLE 15. 
Disinfectant Action of Ac«tic Acid on B. colt in 1 per Cent Peptone Solution. 



Acid Parts 
in 
l.OCi.OCO 

4,350 
4,750 
5,340 
5,975 
5,995 
6,861 
7,540 
8,360 
9,125 
16,475 
10,720 



14,620 



Hydro|jen 
Fails in 


Normality 


1,000,000 


1 
1 


72.5 


0.0725 


79.3 


0.0793 


89.0 


0.0890 


970 


0.0970 


98.0 


0.0980 


114.2 


0.1142 


125.8 


0.1258 


139.5 


0.1395 


152.1 


1521 


174.5 


0.1745 


178.8 


0.1788 


2100 


0.2100 


244.0 


0.2440 



Per Cent of 
Dissocia- 
tion 



1.60 
1.50 
1.40 
1.36 
1.30 
1.25 
1.15 
1.05 
1.03 
1.00 
1.00 

• • • • 

0.90 



Dissociated 

Hydrogen. 

Parts in 

1,000,000 



1.16 
1.19 
1.25 

1.26 
1.27 
1.42 
1.45 
1.46 
1.57 
1.75 
1.78 

• • • ■ 

2.20 



Bacteria 
per c.c. - 
before 
Treatment 



50,000 

cc 
<( 
(( 
(( 

65,000 

IC 

l( 
(< 

IC 

II 
II 
<c 



Percentage Re- 
duction of Bac- 
teria after 40 
Min. 



00.00 

00.00 

25.00 

66.00 

61.72 

98.75 

93.30 

100.00 

100.00 

100.00 



100.00 



TABLE 16. 
Disinfectant Action of Benzoic Acid on B. co/iiv 1 per Cent Peptone Solution. 











Dissociated 


Bacteria 


Percentage Re- 


Acid Parts 


Hydrogen 




Per Cent of 


Hydrogen. 
Farts in 


per c.c. 


duction of Bac- 


in 


Parts lu 


Normality 


Dissocia- 


before 


teria after 40 


1,000,000 


1,000,000 




tion 


1,000,000 


Treatment 


Min. 


1,638 


13.18 


0.0132 


6.4 


0.84 


70,000" 


28.6 


1,720 


14.11 


0.0141 


6.2 


0.87 


70,000 


28.6 


2,105 


17.20 


0.0172 


5.8 


1.00 


100,000 


0.0 


3,365 


27.6a 


00276 


5.2 


1.43 


100,000 


73.0 


5,555 


47.30 


0.0473 


3.2 


1.51 


100,000 


100.0 



TABLE 17. 
Disinfectant Action of Benzoic Acid on B. typhi \h 1 per Cent Peptone Solution. 







• 




Dissociated 


Bacteria 


Percentage Re- 


Acid Parts 


Hydrogen 




Per Cent of 


Hydrogen. 
Parts in 


per c.c. 


duction of Bac- 


in 


Pans in 


Normality 


Dissocia- 


before 


teria after 40 


1.000,000 


1,000,000 




tion 


1,000,000 


Treatment 


Min. 


1,434 


11.72 


00117 


6.9 


0.81 


50,000 


20.00 


1,562 


12.80 


00128 


6.6 


0.84 


50,000 


20.00 . 


2,155 


17.80 


0.0178 


5.7 


1.01 


. 56,000 


81.43 


2,917 


24.30 


0.0243 


4.9 1 


1.19 


56,000 


100.00 



normal. In the presence of peptone the required strength is 0.139$ 
normal. With B, coli the corresponding 100 per cent reduction 
strengths for benzoic acid are 0.0199 in water and 0.0473 in peptones 
solution. With B. typhi the respective strengths of benzoic acid are 
0.0057 and 0.0243. 

In a general way we may say that the presence of 1 per cent pep:- 
tone solution diminishes the tpxidl^ oi hydrochloric acid, measured 
In terms of dissociated hydrogen, to liom oti^-€\^^ \.o oxA-\3Wi!CcL\Na, 
water value, and that of sulphutic ac\dXoitomoTift-^l^XooxL^-€\^^ 
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its water value. The toxicity of benzoic acid, measured in normality, 
is diminished under the same conditions to from one-fourth to one- 
half, and that of acetic acid to a little over one-half its water v^lue. 
' The most probable explanation of this phenomenon is the forma- 
tion of a loose compound between the proteid molecules and the acids 
which would diminish the toxicity of the latter, just as Stiles and 
Beers (1905) have shown that such a combination alters the effect 
of mineral salts on muscle. >■ 

Bugarzky and LiebermaAn (1898), Cohnheim and Krieger (1900), 
and other observers^ have'' proved the existence of such loose com- 
pounds between proteids and acids by freezing-point determinations. 
We desiredj however, to examine the actual substance used in our 
own experfments. Th^O^i^b the kindness of Dr. Raymond Haskell, 
of the Research Laboratory of Physical Chemistry of this Institute, 
determinations of electrical conductivity were made on the peptone 
solution used in our experiments, on a solution of hydrochloric acid 
in distilled water, and on a solution of the same strength in the pep- 
tone solution. 

The specific conductivity of the peptone solution was 0.0004, 
showing that it was fairly pure. That of the hydrochloric acid solu- 
tion 0.02 normal or 720 parts HCl per million, 90.46 per cent dis- 
sociated, was 0.007. The 1 per cent peptone solution containing 
0,02 normal hydrochloric acid gave a conductivity of 0.002, show- 
ing that approximately four-fifths of the hydrochloric acid had been 
neutralized by the peptone. 

It is evident that the effect of the peptone in decreasing the toxicity 
of the hydrochloric acid may be explained by the fact that the number 
of dissociated hydrogen ions is decreased by the peptone in the same 
degree. The effect would naturally be less marked, as we find to be 
the case, with sulphuric acid, since this acid is less ionized to start 
with. Finally, the un-ionized organic acids are least affected. The 
decreased toxicity which does occur with them may perhaps be due 
to a loose compound with their whole -molecule — what Stiles and 
Beers call a "physiological compound." 

6. GENERAL CONCLUSIONS. 
It appears from our experiments that the typhoid bacillus is highly 
sensitive to an excess of acid, being destroyed in an aqueous suspen- 



SKM) by 40 fsioutes, expoittre to a 0.005 mnnBl lofaitum of eitfaer 
hy<kochk>nc, sulphuric or benzoic acid. Tlie caloD badlfais will 
eodure exposure, under similar conditioos, to sohitionf; iiam tipo to 
lour times as stroog. Ninety-nine per cent of tiie lactffna in a 
suspension are killed by solutions of from 'one-half to tvo-tiuids 
this strength, the last lev organbms being especially irwiiilant 

The mineral acids, bydrodilonc and su^mic, are fatal in con- 
centrations at which they are highly dissockted. Hicir actioo rons 
j>araliel, not to their normal strength, but to tiie nmnhrr of free faydio- 
gen ions per unit volume. With the two Qrganismt tested, bodi the 
Vl^ per cent and the 100 per cent xcdnctioos were afiected, at die 
same concentration of dissociated hydrogai^ whichever add was used. 

The organic acids, acetic and benzene, are fatal to the tjpbmd and 
colon bacilli at a strength at which they are only sli^tfy dissociated. 
The effect here appears to be due to the wfaole-molecnle and is spe- 
cific tor each acid, acetic having only 10-20 per cent the toxicity of 
benzoic. 

The presence of 1 per cent of peptone greatly diminishes the toxic 
action of acids, the action being somewhat less marked with sulphuric 
acid than with hydrochloric, and still weaker with the organic acids. 
In the case of hydrochloric acid we find that the diminished toxicity 
is accounted for by decreased ionization. 

It is evident that the action of organic matter and other neutral sub- 
stances in decreasing toxicity greatly complicates the study of disin- 
fectant action. It will be necessary to bear this phenomenon in mind 
in considering the composition of culture media, since the apparent 
acidity, as determined by titration, may be quite different from the 
effective acidity which influences living organisms. With the mineral 
acldsi any factor which affects dissociation, such as the presence of 
neutral salts of the same anion, will change the effective acidity. 
In considering the viability of disease germs in sewage and water, 
it is evident that differences in dilution and the effect of inorganic 
salts, organic matter, and suspended solids introduce such complex 
factors that detailed studies of sp^ific local conditions are desirable. 
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THE DETERMINATION OF SMALL QUANTITIES OF 

COPPER IN WATER. 

(Pabliibed by permiBion of the Director of the U. S. Geological Survey.) 

By Earlb B. Phklps. 
Recdred January 11, 1906. 

During the past few years the question of the addition of 
small quantities of copper salts to water supplies as a preventative 
of algal growths and as an. emergency disinfectant against typhoid 
fever germs, has received much discussion and led to many im- 
portant investigations in this country as well as abroad. One 
result of all this work has been to indicate the need of some 
simple yet accurate method for the determination of the small 
amounts of copper with which the investigator has to deal. The 
method recommended by the Committee on Standard Methods 
of Water Analysis of the Laboratory Section of the American 
Public Health Association,^ is essentially that of Clark and Forbes.' 
It involves the concentration of a sufficient amount of the water 
to yield a weighable amount of copper, the precipitation of the 
copper as well as of certain other metals which may be present, 
as sulphides, and the separation from the mixed sulphides of the 
lead and iron by the usual methods. The copper is then de- 
posited electrolytically and weighed. Quantities of copper as 
small as 2 or 8 mg. are thus determined by Clark and Forbes 
with a mean probable error of about 5 per cent., while the de- 

1 '* Report of the Committee on Standard Methods of Water Analysis,** 
Jour. Inf. Dis. 1006, Sup. No. 1, p. 1. 

s Ma«. State Board of Health, 32d Ann. Rep. for 1900, p. 487. 



COPPER IN WATER. 869 

termination of 1 mg. obviously cannot be made with a probable 
error of less than 1.0 per cent. The disadvantages of the pro- 
cess are, first, the necessity for boiling down a large volume of 
water in order to get sufficient copper to weigh with accuracy, 
and, second, the length of time required and the liability of 
error introduced by the precipitations and separations involved. 

Colorimetric methods, while generally much more sensitive 
than the gravimetric, are greatly influenced by the presence of 
other substances, especially other metals and organic coloring- 
matter. 

The writer has had occasion to make a number of such copper 
determinations and was moreover limited by the experimental 
conditions to quantities of one liter for each determination. 
Since the water contained at times only a few tenths of a milli- 
gram of copper per liter, the standard method of procedure was 
obviously out of the question. As a result of a study of various 
possible methods for the determination, a procedure was devised 
which seemed to combine to a satisfactory degree the requisite 
sensitiveness, accuracy an4 simplicity. The method consists in 
the evaporation of a given volume of the water to about 100 
cc. the electrolytic separation of the copper from the acidulated 
solution, the solution of the deposited copper in dilute acid, and 
its neutralization and colorimetric determination as sulphide, 
by comparison with standard tubes of known copper content. 
By this procedure it is easily possible to determine 0.1 mg. of 
copper, or if this amount were derived from a liter of water, 0.1 
part per million. The accuracy is fully as great as with the 
gravimetric method using ten times as much of the same water. 

The detailed procedure is as follows : 

Apparatus, — Platinum dishes of about 100 cc. capacity to serve 
as anodes. Connection with the circuit is most conveniently 
made by placing the dish in a little mercury, contained in a 
shallow metal dish. To the latter is soldered a wire leading to 
the positive binding post. 

A stout platinum wire, about 50 cm. long, 40 cm. of which 
is coiled into a flat spiral and whose end is fastened directly to 
the negative binding post. The spiral constitutes the cathode. 

A convenient source of electrical current. The character 
of the current is not so important in this case as in gravimetric 
processes, since only small amounts of copper ax^ d^^\. n^SSc^ "w^^^ 
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the deposit need not be washed or dried. In the present ex- 
periments the current was supplied by two "gravity cells" in 
series, yielding a current through the solution of about 0.02 
ampere. The current density at the cathode was about N. 
1^100=0.3 ampere. 

Nessler jars of the short type holding 100 cc. 

Reagents, — Standard copper solution. About 0.8 gram of 
clean copper sulphate crystals are dissolved in water and, after 
the addition of 1 cc. concentrated sulphuric acid, the volume 
is made up to one liter. In 100 cc. of this solution the copper 
is determined in the usual way by electrolytic deposition and 
weighing and the solution is diluted so that 1 cc. contains 0.2 
milligram copper. This solution is permanent. 

Potassium sulphide reagent. An alkaline solution of potas- 
sium sulphide made by mixing equal volumes of 10 per cent, 
potassium hydroxide solution, and a saturated solution of hy- 
drogen sulphide in water. 

Nitric acid one to three and sulphuric acid one to one, both 
tested for copper. 

The Determination, — Of waters carrying from 0.1 to 1.0 part 
copper one litre is taken. For other concentrations take pro- 
portionate amounts. Evaporate to about 75 cc. and wash into 
the platinum dish. Add 2 cc. of the dilute H2SO4 for clear and 
soft waters. For alkaline waters an additional amount is used 
to offset the alkalinity. For waters carrying much organic 
matter or clay, 5 cc. of acid are added to assure the formation 
of a soluble copper salt. The dish is then placed in position, the 
cathode suspended in the solution so that it is parallel to and 
about half an inch from the bottom, and the circuit is closed. 
Electrolyze for about four hours with occasional stirring, or 
over night, if convenient. Lift out the cathode without pre- 
viously having opened the circuit, and immerse the spiral in a 
small amount of the dilute nitric acid, previously heated to 
boiling. Wash off the wire and evaporate the nitric acid solu- 
tion to dryness on the water-bath. If silver is suspected to be 
present, add a few drops of hydrochloric acid before evaporation. 
Take up in water and wash into the Nessler jar. Make up to 
the mark and add 10 cc. of the sulphide reagent. The color of 
the copper sulphide develops at once and is fairly permanent, 
lasting for several hours, at least. A similar tube is prepared 
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by adding 10 re. of the rengent to a tube of distilled water and 
then adding standard copper solution in <>.2. cc. portions until 
the colors of the two tul>cs match. If one litre of water were 
originally taken, earh cubic <:eniimeter of standard solution 
iised represents 0.-2 part per million of «'opper. 

The method has been <'arefully tested as to the completeness 
of the separation and as to the inHuence of other substances in 
the water. Particular care has been taken to separate small 
amoimts of copper from large amounts of organic matter ( sew- 
age and industrial wastes), coloring-matter in sor&ure wotas, 
and from salts of iron, lead, silver and tin. .\s will be scoi from 
the appended table of results the separation is in all cases satis- 
factory. Silver and tin appear to be, acconiing to the authorities^ 
the only metals which will separate out under the conditians 
used. Neither will be comraonlv met with. The silver niav be 
converted into the chloride as indirjited and does not intscrfere 
with the determination. The tin is only partially (£s9olved by 
the nitric arid and during the evaporation is converted mto 
metastannic acid. In the alkaline solution used in the test the 
tin in this form does not interfere in the least. 

In the accompanying table are given the results obtained in 
testing this method. In all cases except those in which Boston 
sewage 3ind straw- board liquor (the waste liquor of a straw-board 
mill) were used, one litre of water was taken and the necessary 
ioht'}<ym 3id6ed to it. In the two cases mentioned only 100 cc. 
#6fe fdken. 



THE INHIBITING EFFECT OF CERTAIN ORGANIC SUB- 
STANCES UPON THE GERMICIDAL ACTION 
OF COPPER SULPHATE * 

Earle B. Phelps. 

(From the Sanitary Research Laboratory and Sewage Kxperiment Station of the Massachusetts Institute 

of Technology.) 

INTRODUCTION. 

The germicidal action of copper salts dissolved in water has fre- 
quently been found to depend largely upon the character of the water 
itself. Ellms (1905) has pointed out the influence of the hardness and 
turbidity of the water. Johnson and Copeland (1905) found that in 
a sewage effluent, to which a large number of typhoid organisms had 
been added, an amount of copper sulphate equal to a concentration of 
20 parts of copper per million reduced the number of bacteria from 
1,300,000 to 600 per cubic centimeter in 15 hours. In distilled water, 
other conditions being the same, the reduction was from 1,300,000 to 
II. Kraemer (1905) and Basset-Smith (1905) have both shown that 
the toxic action of copper on the typhoid organism is much greater in 
distilled water than in tap water. 

It is not difficult to determine the nature of the influence exerted 
by mineral impurities in the water. Dissolved carbonates bring about 
a direct precipitation of the copper. Even such insoluble material as 
kaolin has been shown by Sullivan (1905) to possess the power of 
reacting with copper salts, in some cases completely removing the 
copper from solution. True and Oglevee (1905) have confirmed the 
earlier results of Nageli showing that adsorption often plays an impor- 
tant rdle, and that powdered glass or sand may destroy in large meas- 
ure the toxic action of dilute metallic solutions. 

In case of organic impurities the nature of the influence is not 
quite so clear. Direct precipitation of the copper may occur, especially 
in sewages. On the other hand, the presence of certain classes of 
organic matter, such as leaf infusion, has been shown to prevent the 
precipitation of copper by alkaline carbonates (Ellms, 1905). In such 
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Tenth-molar (fifth-normal) solutions of these salts were made up. 
For use i c.c. of these solutions was diluted to 100 with ammonia-free 
water. In the following tabulated results all references to the salt 
solutions are to these dilute (N/500) solutions. 

The organic compounds. — ^Witte's peptone and Merck's "C. P." 
dextrose were used. 

The typhoid cultures. — The culture used (No. 2006) was one of 
those used in some earlier work. It was obtained from Dr. J. H. 
Wright, of the Massachusetts General Hospital. It was taken from 
the spleen at an autopsy on May 26, 1905. The clinical diagnosis 
was typhoid fever. The culture, according to Wright, gave all the 
ordinary tests, for typhoid fever, including the Widal test. 

It was submitted to the ordinary diagnostic tests, with the follow- 
ing results: fermentation tube with dextrose broth, growth in closed 
arm, acid produced, no gas ; milk not coagulated, slight acid production; 
no indol from peptone; nitrates reduced slightly; gelatin not liquefied 
in two weeks; growth on agar slant, scanty, thin, translucent; it 
reacts with the sera of two rabbits into which two other strains of 
typhoid organisms had been introduced subcutaneously. 

Cultures A, B, and C were obtained from plates made from 
Bottle 2 in Experiment 5. They had lived for 48 hours in the 
presence of a concentration of 0.63 parts of copper per million in 
distilled water. They gave all the above tests exactly as the original 
culture, except that they were not submitted to the Widal test. 

Technique 0} the experiments. — The experiments were made 
under as uniform conditions as possible, and in the following manner: 

In all cases, except where tap water is specified, sterilized ammoiiia- 
free water was used. When dextrose or other solutions were used, 
these were made up with ammonia-free water and sterilized. The 
organism was grown for 24 hours at 37° on the surface of an agar 
slant. A loop of the culture was then removed and placed in 100 c.c. 
of water. After thorough shaking, proper amounts of this suspension 
were added to the bottles of water in which the experiments were to 
to be made. These bottles were then thoroughly shaken, and the 
the bacteria determined in each by properly diluting i c.c. and 
plating. For plating agar was used, and all plates were grown for 15 
hours at 37° C. The salt solution was then added. In the same manner 
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deienninations of the numbers of organisms present were made at 
intervalii during the experiment, as indicated in the tabulated results. 
In the following tables the full detaib of each experiment are 
fjrst given, including the actual bacterial counts. In order to compare 
the various experiments, the bacterial results have been calculated 

EXPERIMENT i. 
Stakted Jamuabt 24. 1906. 



Koitk 

So. 



I 

3 

4 

s 

6 



W.ICT CuSf>4 K.srj4 ^^^'^ 



100 



6 

1 o 
30 



06 
1.0 
3.0 



ItOOOfOOO) 

13 
30 
40 
13 
30 
40 



Pi 



Coras 






0.38 
0.63 
1.36 



Initial 


sMii. 


64 Hn. 


380,000 


135,000 


6,000 




45.000 


i,7<» 


350.000 




300 


370,000 




370,000 


410*000 













4* 

13 

9 



4S.003 
43.000 



Tem|>erature, 20^-22**. 



EXPERIMENT 3. 
Tap Wateb — Stasteo Januasy 39, 1906. 






I 

3 
3 
4 
$ 

2 

9 
10 



'3 


^ 


<^. 


1 -^ 


<-*v 


^'i 


1 


r 


m 


»9 


::i 




94 




«4 


1.3 




90 


3.0 




» 


30 




HH 




SI 


ih 




00 




X.3 


9$ 




3.9 


93 




3.0 



Concent, of 

Salt 

(K/ 1, 000,000) 



8.8 
x6.8 
38.0 

6^.0 
8.8 
iS.o 
36.0 
43.0 
66.0 






0.38 

o 
o 

1.39 

3 



M 



.08 



CODKTS 



Initial 



170,000 
180,900 
190,000 
150,000 
180,000 
140,000 
160,000 
x8o,ooo 
170,000 
300,000 



xMin. 



180,000 



130,000 



10 Mia. 



170,000 



100 



3oMjn. 



170,000 



100 



6Hra. 



110,000 
SO 



SO 



39 Hrs. 



93oo 
510 
100 

80 

o 

340,000 

336.000 

93,000 

69.000 

80,000 



Temperature, 20°-23°, 



EXPERIMENT 3. 
Started February 6, 1906. 



Bottle 


Water 


CUSO4 


K,S04 


No. 


(C.C.) 


Sol.(c.c.) 


Sol.(c.c.) 


I 


xoo 


0.5 


• • • 


a 


99 


x.o 


• • • 


3 


'U 


3.0 


• a • 


4 


3.0 


• • • 


5 


99 


« • c 


o.S 


6 


!K 


• • • 


I.O 


I 


• • • 


3.0 


98 


• • • 


3.0 



Concent, of 

Salt 

(N/x,ooo,ooo) 

10 
30 
40 
60 
10 

30 
40 
60 • 



ih 




Counts 


j"Si 












s-/ 


Initia] 


iHr. 


6Hn. 


0.31 


X35,0» 




5f300 


0.63 


135.000 




700 


1.34 


140,000 




400 


X.86 


Z38/X>0 


80,000 


130 


• • " • • 


140,000 




130.000 


• • • • 


Z36.000 




X00.000 


a • • » 


133,000 




zoo,ooo 


• » m • 


140.000 




130,000 



24 Hrs. 

8 
6 

9 

o 

80,000 

70*000 

,63,000 

5O1OOO 



Temperature, 30^-22®, 
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into percentage of the initial numbers, and these results have been 
used in the discussion of the table. 

In each case in which copper sulphate was used the control con- 
tained an equimolar amount of potassium sulphate. The controls 
therefore differed from the tests simply in the substitution of potas- 
sium for the copper. 
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1] Hn. 


4S Hn. 
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Bn'l 


98 




OS 




<D 




Sio.™ 


1.8™ 


I.4<« 


Mk> 


6te 


' 




1^ 




n"^ 




J° 






s*?™ 


115™ 


640,™ 




43» 


























































I 


B»t 


S 


v 


!;" 
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% 




03 


.;^;^ 


6,3" 


5.0.^ 


.5,0^ 


^-;™ 
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S40.™ 




l™,™ 


no,™ 


'■™ 



lia-free, distilled w 

EXPERIMEN 

SrAftTXD Fkhdahv 























?!■!? 


D..™. 


■■g"' 


"sS"' 


,^^' °\ 


f 




CODHTS 


















(c.i.) 






iDitLd 


6Hn. 


g^Hn. 


48 Hn. 


, 


100 




s 




10 


31 


30.000 


600 


1S4 


«> 


; 


'w 


V 


;:: 






" 


j:'j; 


>6,ooo 




1.800 


*2i 




<» 




















9.000 


























1 


3 


■ 








» 




JJ™ 


a 1.000 


'^■™ 


•™ 



Temperature, »i''-i4''. 





(<:.c./ 


(t.c.) 


(cc.) 


Cuhuit 


(N/,.000.000) 


Copper 


CODKIS 


No. 


loitiiJ 


.4Hn. 




s 
s 






1M6 


90 


o.«3 


44.000 


460 


1 




■ 


A 
B 

i 


ii 


^ 


Si 

63 


i«.ooo 

dofloo 

IS 

6,,ooo 


*6oo 

' 600 
"Srfioo 
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EXPERIMENT 7. 
Staited Maich 5, 1906. 



Bolde 


Water 


Pepton 


Culture 


CUSO4 

Sol. 

(c.c.) 


Coocentration 

of Salt 
(N 1,000,000) 


G>pi)er (Parts 
perMiU.) 


Counts 


No. 


(c.c.) 


(gm.) 


No. 


Initial 


34 Hrs. 


I 


IQO 





3,006 


o.S 


10 


0.31 


179*000 


1,040 


3 


100 







3 





40 


X.34 


189*000 


3 


3 


lOI 





A 





5 


10 


0.31 


3,400 


3 


4 


100 







3 





40 


1.34 


2,300 





5 


98 


I 


3.006 





5 


10 


0.31 


171,000 


3*430,000 


6 


lOl 


I 




3 





40 


x.34 


175.000 


45S.OOO 


7 


90 


I 


A 





■5 


10 


0.31 


3,800 


19*500 


8 


98 


I 




3.0 


40 


1.34 


3*900 


15.000 



Temperature, 20®-24°. 

DISCUSSION OF RESULTS. 

Effect of organic matter in tap water. — In comparing the results 
of these experiments, the basis of comparison will be the number of 
surviving organisms in each case, expressed as percentage of the 
initial number. Other bases of comparison suggest themselves, but 
the one selected appears on the whole to be the most logical. In 
this way the effect of the copper upon those few comparatively re- 
sistant organisms, always found in experiments of this nature, is 
given predominant importance, while the eflfect upon that large per- 
centage of organisms which is killed in all the experiments has com- 
paratively little weight. 

Such a comparison of the average results of Experiments i and 
3, best water, with those of Experiment 2, tap water, giv^s the 
following figures : 



Concentration of 


Per Cent Surviving — 34 Hrs. 


Ratio 


Copper 

(^/i,ooo*ooo) 


Best Water 
(a) 


Tap Water 

(*) 


10 

30 

40 
60 


0.009 
0.004 
0.004 
0.000 


5800 
0.380 

O.OS3 
0.000 


644 
70 
13 



It is quite evident that the organic matter present in the tap water 
inhibits the toxic action of the copper, but the significant fact here is 
that there is no definite point in the series at which the addition of 
more copper to the tap water will produce a normal killing eflfect 
such as is produced in pure water. The eflfect of the organic matter 
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cannot be neutralized up to the concentration required for the com- 
plete elimination of the organisms. It would appear, therefore, that 
the apparent inhibition of the toxic eflfect of the copper is due to the 
formation of some non- toxic compound; that the formation of this 
compound is due to a reversible reaction which is complete only at 
the highest concentration of copper used; and that below this point 
the addition of increasing amounts of copper simply brings about a 
further reaction toward this non-toxic compound, producing a new 
condition of equilibrium according to the law of mass action. 

Dextrose, — ^The effect of dextrose upon the copper sulphate seems 
to be of a quite different nature. The following figures are calcu 
lated from the results of Experiment 4: 



i . 

Concentration of 

Copper 
(-AT/ 1, 000,000) 


Per Cent Surviving — 34 Hrs. 




Without 
Dextrose 

(a) 


With Dextrose 


Ratio 
(a-i-6) 


zo 
30 


0.13 
0.009 


34.0 

0.03 


383.0 
3.3 



In the lower concentration dextrose neutralizes completely the 
toxicity of the copper, so that the eflfect is about equal to that in the 
control (Bottle 8). In the higher concentration the eflfect of the 
dextrose is almost nil. This result, taken in connection with the fact 
that the concentration of the dextrose is about ^V molar, and that 
there are accordingly over 10,000 C6H,206 molecules to each copper 
ion in the one case and over 5,000 in the other, leads to the con- 
clusion that the results obtained are not due to the formation of a 
non-toxic compound. A careful study of the electric conductivity of 
these solutions did not reveal any decrease in the normal conductivity 
of the copper due to the presence of dextrose. It may be presumed, 
however, that what has been called a "physiological compound" 
might be readily broken down under the influence of the electric 
current. 

The following assumption seems to be in agreement with all the 
facts: The bacteria doubtless attract to themselves by a process of 
adsorption a certain amount of dextrose, and are thus surrounded 
by a' solution of this sugar more concentrated than that existing in 
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the water. This tends to produce a diflFerence in osmotic pressure 
between the free solution and this surrounding layer, and it may be 
that a certain definite concentration of the copper ions is necessary 
before this film of "osmotic tension" can be pierced. An analogous 
case is that of surface tension, which presents a certain resistance 
to the entrance of a non- wetted body. 

Peptone. — Peptone was the third substance studied. The restilts 
of Experiment 7 show that a i per cent solution of peptone allows the 
typhoid organism to multiply even in the presence of rather strong 
copper-sulphate solution. Owing to the high electric conductivity 
of the rather impure peptone, the results of conductivity determina 
tions arc uncertain. There seems to be little doubt here, however, 
that an actual combination has taken place between the copper and 
the peptone. The addition of sufficient copper solution to the peptone 
solution to give a distinct color resulted in the formation of a colloidal- 
like solution, of a robin's-egg blue color. 

These results have an important bearing upon many practical 
points in connection with the use of copper sulphate for the destruc- 
tion of the typhoid organism. Results obtained in the laboratory 
in distilled water are not in the least indicative of what may be 
expected under field conditions. Neither are actual field results 
on one water reliable criteria for the undertaking of similar work 
upon another. The impracticability of the internal use of copper 
sulphate in the treatment of typhoid fever is also suggested by the 
results obtained with peptone. 

Selection 0} a resistant strain, — Cultures A, B, and C were taken 
from Bottle 2 in Experiment 5, and had lived for 48 hours in a solu- 
tion of copper sulphate containing 0.63 parts of copper per million. 
They were used in Experiments 5 and 6 in parallel with the original 
strain in order to determine whether they possessed any increased resist- 
ance to copper. The results are all negative, indicating that these 
strains are not more resistant than is the parent strain. 

The time factor in the germicidal effect. — In Experiments i, 3, and 
4, where determinations of the numbers of organisms were made 
at various intervals during the experiment, it is seen that even in the 
more dilute solution used there b a very rapid falling-off in numbers 
during the earlier part of the test. In Experiment i, for instance. 
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the reduction in 5 minutes was 67 per cent in a concentration of 0.38 
parts of copper per million, but all the organisms had not been killed 
in 24 hours. Such results indicate an extreme range of resistance 
to copper among these organisms. The 42 organisms which sur- 
vived the treatment for 24 hours lived 288 times as long as the 250,- 
000 which died in less than 5 minutes. 

Ejject of concentration. — ^This great variability is also shown in a 
study of the effect of various concentrations. 

The average percentage survival after 24 hours in all experi- 
ments with 0.38 parts of copper per million was 0.19; with 0.76 
parts, 0.07; with 1.26 parts, 0.04. Notwithstanding the fact that 
99.8 per cent are killed by a cctficentration of 0.38 parts, there 
are still 0.04 per cent which can withstand the action of a copper 
solution four times as concentrated. 

This tremendous variability is of vital importance, not only in 
questions of sterilization of water by heat, freezing, or chemicals, in 
all of which cases such a variability has been shown to exist, but 
in the far more important questions of the self-purification of streams 
and the longevity of the typhoid bacillus in the water. Most cases 
of typhoid fever, contracted from drinking-water, have undoubtedly 
come from these few resistant forms rather than from those which 
are known to have perished in the natural stream. A removal 
of 99.99 per cent of the typhoid organisms may sound like security 
but actually means high typhoid rates. The importance of this 
residual hundredth of a per cent cannot be overestimated, owing to 
the very fact that it is so resistant. 
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EXPERIMENTS ON THE STORAGE OF TYPHOID IN- 
FECTED WATER IN COPPER CANTEENS.* 
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U. S. Geological Survey.) 

One of the most striking results of the researches of Moore and 
Kellerman on the germicidal effect of copper salts on microscopic or- 
ganisms is the discovery that water brought into contact with metallic 
copper will dissolve enough of the metal to become distinctly toxic to 
typhoid and cholera germs. Kraemer and others, following up this line 
of research, have found that clean copper tanks, or copper strips sus- 
pended in water, exert a germicidal action. The use of copper canteens 
in the army and in other services where water is transported in small 
quantities naturally suggested itself. The hydrographic branch of the 
United States Geological Survey before distributing such canteens 
among its field parties instructed the writer to make an investigation 
of the whole subject to determine the value of the project. The work 
has been carried out during the past summer at the Sanitary Research 
Laboratory and Sewage Experiment Station of the Massachusetts Insti- 
tute of Technology under the charge of Mr. Marshall O. Leighton, 
Hydrographer-in-charge of the division of Hydro-economics of the 
Geological Survey. 

The canteens used were of the regular army pattern made entirely 
of sheet copper, and when full held two quarts of water. The super- 
ficial area of copper exposed to the water when the canteen is full is 
830 square centimeters or 44 square centimeters per 100 cc. of water. 
When holding one liter of water, the amount employed in the present 
experiments, the surface exposed is about 40 square centimeters per 
100 cc. These figures are of interest in comparing the present experi- 
ments with those of Moore and Kellerman and of Kraemer. Moore 
exposed surfaces of 40 and 160 square centimeters respectively per 100 
cc. of water, while Kraemer used surfaces of about 45 square centi- 
meters per 100 cc. 

CULTURES USED. 

Three cultures of B, typhosus were used as follows : 
Culture No. 2001. This culture was obtained from the laboratory of 
the Boston City Board of Health. It was originally obtained from the 

♦(From the Sanitary Research Laboratory and Sewage Experiment Station 
of the Massachusetts Institute of Technology.) 
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Massachusetts General Hospital in 1902. It agrees wrth die (Dcirrs^ry 
tests for B. typhosus, gives the Widal readioa with known tj^tMcid 
blood, reacts with rabbit serum artificialhr prepared bj inociiEatBOG ci 
another culture (No. 2003), and produces in a rabbit a reactkn agains: 
that other organism. 

Culture Xo. 2005. This culture was obtained in the tail oi 1904 trom 
the Boston City Hospital and is in daily use at the laboratory cf the 
Boston Board of Health in Widal tests. It reacts with known typhoid 
blood, and with rabbit serum prepared by inoculaticn with coltore Xo. 
2001, and produces in a rabbit a reaction against that organtsni- 

Culture Xo. 2006. This culture was obtained from Dr. J. H. Wright^ 
of the Massachusetts General Hospital. It was taken from the spleen 
at an autopsy on May 26, 1903. The clinical diagnosis was typbcnd 
fever. The culture according to Wright gives all the tests for B. tpho- 
SMS including the Widal reaction. It reacts in the writer's hand with 
the artificially prepared sera described above. 

M£THOD6 EMPLOYED. 

The canteens were cleaned originally by treatment with alkaline po- 
tassium permanganate which was allowed to stand in them over niglit. 
They were then rinsed in dilute oxalic add solution and rinsed thor- 
oughly with water. Since the beginning of the experiments they have 
not been cleaned. In all the experiments here described the mode of 
procedure was as follows: 

An agar culture of the c»gamsm to be used was grown for fifteen 
hours at 37° C. From this culture a suitable dilution in tap water was 
made. About ten cubic centimeters of this strong water suspension 
were then added to a liter of non-sterile water, well mixed by shaking, 
and poured into the canteen. A second liter prepared in exactly the 
same way was poured into a second canteen and a third similar liter was 
poured into a glass bottle as a control. The controls were in all cases 
kept dark by wrapping in dark paper. Duplicate plates were immedi- 
ately made from all three tests with suitable dihitEons. In this way the 
water was inoculated with from 50,000 to 150,000 organisms per cubic 
centimeter. The water also was plated out and frequent blank plates 
were made as a check on the technique. The temperature of the air and 
of the water was noted. In eadi series two of tihe three cultures were 
used. 

The number of organisms remaining in the water at the end of 
twenty-four hours and» in some cases> at tfie end of shorter periods 
wa$ determined by plating on agar. Alt media tzsed in this work were 
made accordit^ to the methods recoaunended by tiie American Public 
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Health Association. The plates were incubated at 37"* for fifteen hours. 
In counting, the colonies were carefully examined and all colonies 
which were not typical typhoid colonies were rejected in the count. A 
number of these colonies which appeared to be typical typhoid colonies 
were fished from each plate and submitted to the Widal test. For this 
test I have prepared two rabbits by inoculation with cultures No. 2001 
and No. 2005, so that their blood would cause the typical agglutination 
of the organism. All the colonies fished and tested in this way gave the 
reaction, thus eliminating all reasonable doubt as to the identity of the 
organisms in question. 

At the conclusion of each experiment the copper dissolved by the 
water was determined. For this purpose a liter of the water was 
evaporated to small bulk made acid with sulphuric acid and placed in a 
platinum dish. The copper was then elect rolytically deposited from 
the solution upon a spiral of platinum wire. In this way the copper 
was quite completely separated from other dissolved and suspended 
material of the water with the exception of certain metals which may 
be deposited with it under such conditions. The deposit was dissolved 
from the platinum wire in nitric acid, neutralized with ammonia, diluted, 
and treated with a solution of potassium ferro-cyanide. The resulting 
color was compared with copper standards prepared in the same way 
and containing known amounts of copper. A few tests of this method 
upon known amounts of copper dissolved in tap water indicate that its 
accuracy for amounts comparable with those found in these studies is 
within five per cent. 

Three series of experiments were carried out. In the first Boston 
tap water was used, the object being to determine what progressive 
decrease, if any, would take place in the efficiency of the canteen due 
to the corrosion or coating over of the surface exposed to the water. 
Eight successive experiments were made. The eflfect of shorter time 
intervals than twenty-four hours was also studied in experiments two 
and three of this series. The second series consisted of a study of sev- 
eral waters from other localities. These waters were from the Chatta- 
hochee at Atlanta, Georgia, the Pecos at Carlsbad, New Mexico, 
the Colorado at Austin, Texas, and the Milk at Chinook, Montana. One 
experiment was made on each of the first three waters and. two on the 
Milk River water. The third series of experiments was made on Bos- 
ton tap water with the canteens which had been used in Series II and 
which had not been cleaned in the meantime. This set consisted of 
four experiments, one with each canteen which had been used with 
the four waters mentioned above. The effect of copper upon the 
typhoid organisms in Boston water having been quite clearly showm 
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in Series I, no organisms were added in this series. The determina- 
tions of copper were made at the end of twenty-four hours. 

The results of the first series of experiments are shown in the fol- 
lowing tables: 

SERIES I. Boston Tap Water. 

EXFBUMENT 1. JUNK 8-9. 



— 


Culture. 


Numbers of B. typhotut 
per cubic centimeter. 


Initial. 


24 hours. 




2001 
3001 
2005 
2005 

2001 
2005 


100,000 
120,000 
180,000 

90,000 
140,000 

90,000 
100,000 
100,000 

120,000 
100,000 
110.000 
110,000 






4 




1 




10 


Control 


15 




70,000 
40,000 
60,000 





Bacteria in water at start, 25. 
Blank 0. 

Ten^ierature. Water, 17° — 23" C. Air, 22° C. 
Copper in water at conclusion, 1.95 parts per millioi 
RXPERIMENT 2. JUNE 12-14. 







Number of B. typho 


JIM per cubic centimeter. 


Canteen. 


Culture 






s 




. 










X 
























■5 


ss 




|k 


|w 










^ 


H 


f- 






100,000 
91,000 




13,000 

14.000 




15 
12 






73.000 


120 










10,000 
12,000 




8 
6 






100.000 


65,000 


70 


Control 
















2005 


100,000 








90,000 





Temperature. Water at start, 18° C. Air, 20°-3O*. 
Copper in water at conclusion, 1.51 parts per million. 
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EXPERIMENT 3. JUNE 20-21. 







Number of B. typhosus per cubic 




Culture. 


centimeter. 




Canteen. 




(A 


CD 
U 

o 


o 








3 




^ . 








o 


c 


1 ?» 






• 


ffi 


«> 
V 








a 




4-> 


G o 






'-Jj 


X 


•a 


%X 






l-H 


m 


W 


H 


1 


2005 


110.000 


100,000 
80.000 


750 


14 


2 


2005 


90.000 


800 


17 


3 


2006 


73,000 
70,000 


40,000 
30.000 


340 


8 


4 


2006 


' 400 


9 


Control 










1 


2006 


100,000 
80,000 






80.000 


2 


2006 






70,000 







Bacteria in city water at start, 14. 

Temperature, Water at start, 18** C. Air, 20*'-30**. 

Copper in water at conclusion, 1.30 parts per million. 



EXPERIMENT 4. JUNE 25-26. 





Culture. 


Number of B. typho- 
sus per cubic 
centimeter. 


Canteen. 


• 

G 

l-H 


Twenty-four 
Hours. 


1 


2001 
2001 
2006 
2006 

2001 
2006 


120,000 

90,000 

160,000 

110,000 

110,000 
130,000 





2 





3 


3 


4 


2 


Control 

1 


70,000 
80,000 


2 







Bacteria in city water at start, 23. 

Temperature, Water at start, 18** C Air, 28*'-32*'. 
Copper in water at conclusion, 1.2 parts per million. 
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Exnmiuon 5. juvs ^^jwr L 







i NnmlMT of B. iypko- 
1 sms per cubic 
! ooitiaictcr. 


Ciiiitc*rn. 


Colttire. 


• 


Twenty-four 
Hours. 


1 


2001 
2001 
2006 
2006 

2001 
2006 


70.000 

70.000 

95.000 

100.000 

80.000 
100.000 


7 


i 


9 


8 :. 


4 


1 ::::;; :::: 


3 


ppqtrol 


80.000 


1 ....■::::■.::■..■■.:;;::■■:;::■:■.;::::::::":::: 


90 000 







Psu:ten« in city water at start, 17. 

Tlimperatwre, Water at start, 20* C. Air, 25**-30*. 

Coppf^r in water at conclusion, 1.2 parts per million. 



ixPBRiiiCKNT 6. Sept. 1-2. 





Culture. 


Number of B. typho- 
sus per cubic 
centimeter. 


Canteen. 


• 
t-H 


Twenty-four 
Hours. 


1 


2001 
2001 
2006 
2006 

2001 
2006 


88,000 
95,000 
68,000 
73,000 

90,000 
78,000 


25 


*•• 


32 




43 


' 


30 


*mtro\ 


55,000 




40,000 







Q((Cterta in city water at start, 14. 

T Water at start, 18* C. Air. 28** C. 

ter at conclusion, 0.7 parts per million. 
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EXPERIMENT 7. SEPT. 4-5. 







Number of B. typho- 






sus per cubic 




Culture. 


centimeter. 


Canteen. 












£ . 




~ 




!^i 






• 


<M S 






cS 


9. o 






2 


|W 








H 


1 


2005 


110.000 


28 


2 


2005 


115,000 


24 


3 


2006 


78.000 


40 


4 


2006 


80.000 


33 


Control 








1 


2005 


100.000 


55,000 


2 


2006 


78,000 


48,000 







Bacteria in city water at start, 24. 

Blank, 0. 

Temperature, Water at start, 19** C. Air, 20*'-25*'. 

Copper in water at conclusion, 0.5 parts per million. 

EXPERIMENT 8. SEPT. 9-10. 





Culture. 


1 Number of B. typho- 
sus per cubic 
centimeter. 


Canteen. 


(4 

C 

t-H 


Twenty-four 
Hours. 


1 


2001 
2001 
2006 
2006 

2001 
2006 


76,000 

76,000 

96,000 

106,000 

95,000 
90,000 


24 


2 


21 


3 


33 


4 


36 


Control 

1 


43,000 
50,000 


2 





Bacteria in city water at start, 27. 

Blank, 0. 

Temperature, Water at start, 20** C. Air, 29** C. 

Copper in water at conclusion, 0.6 parts per million. 
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The results of the first series bring out several points of interest. 
It will be noticed that in only one case were the organisms reduced 
to less than one per cubic centimeter. One is, of course, tempted to 
consider here that the percentage reduction was very great and to 
reason that if there had been initially only a few organisms present 
then the elimination would have been complete. Unfortunately we 
know little of the cause for the great range of variation in the resist- 
ance of individual organisms to an unfavorable environment, but it 
seems probable that such resistances to different kinds of unfavorable 
environment are more or less correlated so that the organism which is 
resistant to copper may be the very one which has survived the unfa- 
vorable environment of the stream or well. Kraemer found a i/reater 
resistance on the part of a typhoid culture grown on agar for 24 hours 
than with the same culture grown for 15 hours, an observation which 
has an interesting bearing on this question. 

The fact that organisms do survive the copper treatment even in 
small numbers, seems, in the writer's view, to lessen considerably the 
value of the canteen as a safeguard against typhoid infection. 

A second point of interest is the fact that the efficiency of the can- 
teen decreases as time goes on, probably owing to the accumulation 
on the surface of the copper of a film of basic carbonate or other in- 
soluble copper compound. The fact that in only eight successive treat- 
ments with water the efficiency was seriously reduced indicates that 
for actual service frequent cleanings of the canteen with acid would 
be necessary. For this purpose oxalic acid would serve admirably and 
the cleaning of the canteen might not prove entirely impractical even 
under field or camp conditions. Between experiments 5 and 6 there 
was a period of two months during which the canteen stood dry. It 
will be noticed that a much greater difference is found between the 
results of these two experiments than between those of any other suc- 
cessive experiments. Plainly the deterioration of the surface goes on 
in the air as well as under water. 

The two experiments in which the time element was varied show 
that twenty- four hours is the shortest time which should be allowed 
for anything like a complete removal of the organisms. Although 
other investigators under laboratory conditions with sterilized water 
and clean copper plates have found periods of even two hours suffi- 
cient to remove completely all typhoid organisms from the water, yet 
we find that under conditions as nearly as possible like those of actual 
service a much greater time is necessary and the removal of the organ- 
isms is not nearly so satisfactory. 

The fact that the three strains of B, typhosus used in these experi- 
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tnents gave practically the same results throughout deserves mention. 
It has already been stated that these cultures have been on artificial 
media for periods of three years, eight months, and six weeks, respect- 
ively. Jackson Has found a very marked resistance to copper on the 
part of freshly isolated cultures, and it might have been expected that 
a difference would have manifested itself in this case. On the con- 
trary the three cultures acted very much alike, the advantage being 
first with one and then with another. 

The chemical characteristics of the water probably more than any 
other factor will determine the result of such experiments as these, 
and diiTerences in the water used doubtless explain very largely the 
differences in the results obtained by various observers. Especially 
would it appear that the results obtained by the use of distilled water 
are not at all comparable with those from natural waters. Moreover, 
the mere act of sterihzing water by heat may profoundly alter the 
chemical nature of its impurities and lead to correspondingly abnormal 
result's. The differences noted by Kraemer between waters treated 
in various ways well illustrated this point, and more recent work by 
Bassett-Smith illustrated even more forcibly the different results ob- 
tained by distilled water and tap water. This matter seemed so im- 
portant that the second series of experiments was planned in order 
to learn what effect water of various types would have upon the 
germicidal action of the copper canteen. The four waters used were 
collected from various parts of the country, and each is typical of 
certain peculiar conditions. The turbidity and various forms of hard- 
ness and the alkalinity were determined on each water, together with 
the iron, chloride and sulphate. The results are shown in the following 
table: 
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<5 






E 
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II 


11 
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g 
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% 
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<: 


H 


U 


u 




[L, 




Milk 





500 


620 





62 


438 








120 


38D 


Pecos 


150 


150 


840 








150 





0.6 


940 


1,060 


Chattahoochee . 


400 


9.5 


17.5 










+ 


5.2 


68 


36 


Colorado 


no 


'" 


127 


*ii' 


-5 


122 





0.4 


3 


« 
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The water of the Milk River was free from turbiditv, but carried 
a large amount of alkaline earth bi-carbonates. and little calcium or 
magnesium in any other form. That of the Pecos had a much smaller 
carbonate or bi-carbonate content, also due wholly to the alkaline earths, 
but was very high in the so-called incrustants — other salts of calcium 
and magnesium ; its turbidity also was low. The Chattahoochee was 
very turbid water with no incrustants and a very low alkalinitv'. The 
Colorado carried some turbidity together with a moderate hardness 
due entirely to bi-carbonates — that is, without incrustants : there were 
present also in this water about ten parts per million of alkaline car- 
bonates. 

The results of the five experiments made with these waters are shown 
in the following tables : 



SERIES II. Hard and Turbid Waters. 

EXPERIMENT 1. JULY 26. 

Milk River Water. Culture 2001. 



Canteen. 



Numbers of B, ty- 
phosus per cubic 
centimeter. 





Initial. 


Twenty- 
Hours. 


1 


95,000 
100,000 

100,000 


80,000 
83,000 

70,000 


2 


Control 

1 





Bacteria in water at start, 54. 
Same after twenty-four hours in canteen, 40. 
Temperature, Water at start. 28** C. Air, 30**. 
Copper in water at conclusion, 0.2 parts per million. 
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EXPERIMENT 2. JULY 26. 

Chattahoochee River Water. Culture 2001. 







Numbers of B. ty- 






phosus per cubic 




Canteen. 


centimeter. 






5 








o 








^ • 








O) 








>>ti 






• 


Xr 3 






73 


f. o 






!5 


%^ 






G 

t-H 


H 


1 


120,000 


50 


2 


120.000 


40 


Control 








1 




110,000 


80,000 







Bacteria in water at start, 550. 
Same after twenty-four hours in canteen, 500. 
Temperature, Water at start, 28** C. Air, 30**. 
Copper in water at conclusion, 1.5 parts. 



EXPERIMENT 3. AUG. 18-19. 

Milk River Water. Culture 2006. 







Numbers of B. ty- 






phosus ] 


E)er cubic . 




Canteen. 


centimeter. 






u 

3 
rt 




. 




^ • 








(0 








>»h 






• 


-M S 






C6 


G o 




• 


'-C 


%^ 






c 

t-H 


H 


1 


100.000 


780 


2 


100,000 


920 


Control 












110,000 


70,000 







Bacteria in water at start, 50. 
Same after twenty-four hours in canteen, 54. 
Temperature, Water at start, 26** C. Air, 26"*. 
Copper in water at conclusion, 0.3 parts per million. 
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EXPERIMENT 4. AUG. 18-19. 

Pecos River Water. Culture 2006. 







Numbers 


of 5. ty- 






phosus per cubic 




Canteen. 


centimeter. 














O 








HH 








CO 








>»i: 






• 


ti 3 






OS 


S o 






*^ 


l^ffi 








H 


1 


110,000 
100,000 


100 


2 


140 


G>ntrol 






1 




100,000 


100,000 





Bacteria in water at start, 70. 
Same after twenty-four hours in canteen, .50. 
Temperature, Water at start, 26** C. Air, 26**. 
Copper in water at conclusion » 0.5 parts per million. 



EXFEiaMENT 5. AUG. 18-19. 

Colorado River Water. Culture 2006. 







Numbers of B. ty- 






phosus per cubic 




Canteen. 


centimeter. 






c 








?£ 








>»t5 






• 


Jht s 






C8 


c o 








%X 








H 


1 


105,000 
100.000 


g 




2 


Control 








1 




130,000 


60,000 





Bacteria in water at start, 75. 
Same after twenty-four hours in canteen, 51. 
Temperature, Water at start, 26"* C Air. 26** 
Copper in water at conclusion, 1.6 per million. 
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Table of Average Results. 



Water. 



Numbers of B. ty- 
phosus per cubic 
centimeter. 




Boston 

Milk River . . 

Pecos 

Chattahoochee 
Colorado 



90,000 

99,000 

105,000 

120,000 

103,000 



20 

45,000 

120 

45 

5 



Comparing- the results of experiments i and 4, Milk and Pecos 
» rivers, it will be seen that the Milk River water prevented to a marked 
degree the toxic action of the copper, while the results with the Pecos 
water indicate a much greater toxicity. The amount of copper dis- 
solved by the ]\Iilk water was 0.2 parts per million, and by the Pecos 
0.5 parts. The total hardness of the Pecos water was the greater, but 
it was due largely to the incrustants, while the hardness of the Milk 
water was due to bi-carbonates entirely. It appears, therefore, that 
carbonates and bi-carbonates prevent the solution of the copper and 
consequently destroy the efficiency of the canteen to a much more 
marked degree than do the incrustants. 

The Colorado water with some turbidity and a moderate hardness 
dissolved as much copper and showed as marked a toxic effect as the 
Boston water would have done under the same circumstances. This 
water is characterized by the presence of sodium or potassium carbon- 
ate equivalent, to about ten parts per million of calcium carbonate. 
There can be little doubt but that the amount of copper dissolved in 
this case was due to these alkaline carbonates which dissolved the 
copper by the formation of soluble double salts. The Chattahoochee 
dissolved about the same amount of copper as did the Colorado, but 
the toxic effect was much less. This, I believe to be due to the fact 
recently pointed out by Sullivan, that mixtures of copper salts and 
such insoluble silicates as kaolin obey the mass action law in that 
alkaline and alkaline earth salts are dissolved from the silicates and 
complex insoluble silicates of copper are precipitated until an equili- 
brium is established. This equilibrium point Sullivan found to vary 
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with variable conditions, especially according to the character of the 
silicate and its fineness. In some cases practically all die copper was 
deposited, in others about one-half. This observation is not only of 
interest in connection with die special problem mider discussioo. bat it 
has a broad bearing upon die whole subject of die treatment of water 
wtdi copper salts. Obviously if this reaction takes place speedily, the 
effect of such salts upon the organisms of die water will be neutralized 
tx> a large extent. Xeither must the fact be overlooked t"Hat calciuni 
and magnesium sulphates will often be die product of such a reaction^ 
Ac permanent hardness of die water being diereby increased. 

It may be stated* dierefore, as the result of diis series of experi- 
ments, that die copper canteen is totally inefficient in the presence of 
any considerable amounts of carbonates and biniarbonates of die alka- 
line earths, but diat die sulphates and chlorides of these metals exert 
a much less antagonistic effect. The presence of carbonates of the 
alfcafirs apparently assists in die solution of copper, and di erefor e 
increases die toxic action of the canteen. Turbidities due to day or 
c^her silicates tend to precipitate rapidly, and sometimes completely,, 
an dissolved copper as insoluble silicate, and hence destroy die toxic 



The absence of any solvent action upon die copper by the Milk Rirer 
water may be explained in two ways. Eidier the chemTraf nature of die 
vrater precludes die solution of copper or die solution commences bat 
is stopped by the formation of an insoluble predpttate xrpoa the 
copper surface. In order to stndy dds pomt Series III was undertaken^ 
m wiiich each of tfie four canteens used in Series II were filled with 
Boston tap water and allowed to stand fior 24 faoorsw The resohs are 
gt^tn in die f oQownxf^ table : 



SEI^IES m. Efpict of Hasd ash Tusbid Waters qs 

Experiment I. Boeton water. 



Canteen. 



water Eeool. 



( fos o l ied 
vt 94 nrSh. 



I.... 



MDk Ri¥cr 



Cataahoochcc Rirer 
Colofado Ri¥er .... 



0.2 
0.3 
1.0 
l.S 
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It appears, therefore, that the alkaline waters do coat the copper 
surface, and that the coating protects the copper against further sol- 
vent action by soft waters, but that turbid soft waters do not thus 
coat the surface. They prevent the toxic action of the canteen merely 
by precipitating the copper as silicate after it has been dissolved. The 
canteen which had contained the Milk River water was opened and 
examined at the conclusion of the experiments. As we had anticipated 
the surface was found to be dark covered and heavily tarnished. 

In conclusion, the principal points of interest may be summed up as 
follows : 

1. Storage of typhoid infected Boston city water in clean copper 
canteens for twenty-four hours results in the destruction of the great 
majority of the infecting organisms. The elimination, however, is 
seldom complete. Any shorter period of storage is insufficient. It is 
quite possible that the surviving germs are the ones that would nat- 
urally have survived other unfavorable conditions in the stream or 
well, and hence are the ones against which protection would have been 
most needed. 

2. Clean copper canteens become tarnished with continued use, and 
even on standing dry, and their efficiency as disinfecting agents be- 
comes materially reduced thereby. They may readily be cleaned with 
acid. 

3. Cultures which have been on artificial media for three years, 
eight months and six weeks, respectively, gave practically identical 
results throughout this work. 

4. The chemical nature of the water is the determining factor upon 
which the results depend. Boston city water, a soft, colored surface 
water, prevents to a large degree the extreme toxic effect noted by 
some observers in the case of distilled and other waters. Carbonate 
and bi-carbonate of calcium and magnesium, as well as high turbidity, 
may completely destroy the toxic action of the canteen, the former by 
coating the surface and the latter by precipitating, out the dissolved 
copper; moreover, in the former case the surface of the canteen is 
rendered useless for the further disinfection of even soft waters with- 
out cleaning. 

It seems, therefore, that the copper canteen can claim a place only 
as a useful factor of safety and not in any way as a substitute for more 
effective means of preventing infection. It is a serious question 
whether or not its use would not give a false sense of security, bring 
about carelessness in the selection or protection of a water supply or 
in the handling of the water, and indirectly lead to the use of a typhoid 
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